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the 
BLOOD pH METER 
Model 48a 


This is the first Blood pH Meter specifically designed for clinical use. 
Incorporating the E.I.L. Vibron vibrating condenser unit, it is extremely accurate and 
very simple to use. Calibrated from 6.6 to 8 pH units, readings can be made to an 
accuracy of 0.005 pH. For blood sampling a number of specially designed electrode 
systems are available, all of which fit in a standard thermostatically controlled water 
bath as illustrated. These systems include capillary electrodes and a simple pCO, system. 


which provides this all important measurement at very low cost. 


* May we send you a copy of our NEW pH catalogue? 


ELECTRONIC INSTRUMENTS LIMITED 


RICHMOND - SURREY ENGLAND RIChmond 5656 
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THE INTERNATIONAL MEDICAL ABSTRACTING SERVICE 


EXCERPTA MEDICA 


AMSTERDAM — LONDON — NEW YORK 


If you are not already familiar with the comprehensive medical abstracting services 
provided exclusively by Excerpta Medica, write today for a free brochure describing 
the contents of the twenty-five classified sections which are being published every month. 

More than 100,000 abstracts will be supplied by Excerpta Medica this year. More than 
2.500 medical journals in fifty-seven languages will be tapped for information. Hundreds 
of clinical procedures and new viewpoints will be presented that otherwise would not be 
available to physicians and research workers. Each section concentrates upon one major 


medical specialty. 


LONDON OFFICE: 67 New Bond Street, W.1 


Telephone Mayfair 0329 


SURVEY OF 


Anesthesiology 


The best of 


current literature 


in brief 


Edited by C. RONALD STEPHEN. First published 1957. 


Published bimonthly, one 
volume a year, beginning 
February. Volume 5 current 
in 1961. Subscription price 
per yearly volume: $10.00, 
US. $10.25, Canada; 
£4 6s, (including postage) 
all other countries. 


A bimonthly survey of worldwide literature relating to 
anesthesiology, in succinct condensations to which are 
appended pithy editorial comments. The logical solution 
to the doctor’s dilemma of more and more literature and 
less and less time in which to read it. 

Organized under the following headings: Editorial. 
Pharmacology. Physiology. Biochemistry. Metabolism. 
Techniques. General Anesthesia. Spinal and Regional 
Anesthesia. Pediatric Anesthesia. Geriatric Anesthesia. 
Preoperative Care. Postoperative Care. Classical File. 


THE WILLIAMS & WILKINS COMPANY 


Baltimore 2, Maryland, U.S.A. 


BAILLIERE, TINDALL & COX,LTD. 


Available in the 
Tand8 Henrietta Street, Covent Garden, London, W.C.2 


United Kingdom from: 
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PAIN FREE 
BUT WIDE AWAKE... 


Morphine-like analgesia 
without narcosis—with NARPHEN 


Narphen can supersede general anaesthetics in emergencies, 
minor surgery, orthopaedic procedures and obstetrics, 
when the full co-operation of the patient is needed. 

No elaborate pre-anaesthetic routine is necessary. 
Out-patients can be sent home and in-patients back to bed 
without lengthy post-operative observation. 


Before, during and after general anaesthesia, Narphen controls 
pain efficiently and safely. It produces less respiratory depression 
than morphine or pethidine and does not cause hypotension. 
Narphen does not induce nausea or vomiting. 


FOR DEEP ANALGESIA WITHOUT NARCOSIS 


Narphen is sNP brand Phenazocine (2’-hydroxy-5,9-dimethyl- 
2-phenethyl-6,7-benzomorphan hydrobromide). 


Available in 1.1 ml. ampoules each containing 2 mg. phenazocine 
hydrobromide per ml. in aqueous solution. Boxes of 10 & 100 
ampoules. Basic N.H.S. cost 1§/- and 120/-. Exempt from 
Purchase Tax. 


Subject to Dangerous Drugs Regulations. 
Smith & Nephew Pharmaceuticals Limited 


WELWYN GARDEN CITY - HERTFORDSHIRE 
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This address is more than a familiar name to anaesthetists the world over. 
On display are examples of all the anaesthetic apparatus, 
resuscitation and oxygen therapy equipment and accessories supplied 
by British Oxygen — of which demonstrations can readily be given. 
And here is helpful information about the whole British Oxygen medical 
range. There is also a comprehensive anaesthetic reference 
library open to all visitors... a special display of interesting early 
equipment .. . facilities for the loan of equipment and lecturing aids for 
speakers ... and an experimental workshop actually on the premises. 
Please call and see us. You are always welcome at No. 27. 


THE BRITISH OXYGEN COMPANY LIMITED 


MEDICAL DEPARTMENT - 27 DEVONSHIRE STREET - LONDON, W.1 - TELEPHONE: WELbeck 2202 
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LUCY BALDWIN APPARATUS 
FOR OBSTETRIC ANALGESIA 


The Lucy Baldwin Apparatus is designed for the administration of nitrous oxide and oxygen 
mixtures for analgesia in obstetric practice. Gas mixture, which may be varied between 
70% nitrous oxide/30% oxygen and 100% oxygen, conforms accurately to the value selected 
on the control dial no matter how draw-off conditions may change. The analgesic properties 
of nitrous oxide may thus be exploited to the full whilst at the same time maintaining 
adequate oxygenation. The gas mixture flows only in response to the patient’s inspirations 
and safety cut-off valves eliminate any possibility of inhalation of pure nitrous oxide in the 
event of undetected failure of the oxygen supply. We shall be glad to send you illustrated 
literature on request. 


BRITISH OXYGEN IN THE SERVICE OF MEDICINE (©) 


THE SRITISH OXYGEN COMPANY LIMITED, MEDICAL DEPARTMENT, SPENCER HOUSE, 27 ST, JAMES’S PLACE, LONDON, ga 
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‘Intraval’ 


trade mark brand 


Sodium 


THIOPENTONE SODIUM B.P. 


is now supplied in this new 
handy presentation 


Three different packings are available, 
containing 

1. 5x05 gramme ‘Intraval’ Sodium 
with 5x20 ml. water for injection for 
preparation of 2-5 per cent solution 


2. 5x05 gramme ‘Intraval’ Sodium 

with 5x10 ml. water for injection for 

preparation of 5 per cent solution 

3. 5x10 gramme ‘Intraval’ Sodium 

with 5x20 ml. water for injection for 

preparation of 5 per cent solution 

Multi-dose containers of 2-5 grammes 

and 5grammes continue to be available. 

An additional strength suppository, 

750 mg., has been added to the range of 

‘Intraval’ Sodium suppositories. The 

following are now available: 

125 mg., 250 mg., 500 mg. and 750 mg. all hee I Tm 
in boxes of 5. 


Manufactured by 


MAY & BAKER LTD 


Distributors 
PHARMACEUTICAL SPECIALITIES (MAY & BAKER) LTD - DAGENHAM 


An M&B brand Medical Product 
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A short time or a long time for muscular relaxation? 
B. W. & Co. provide a product for each need : 


‘A he E Cc T i id E 4 Injection of Succinylcholine Chloride 


The first choice for procedures requiring rapid muscular relaxation of brief 
duration. 


: T U B E Preparations of Tubocurarine Chloride 


The most widely-used muscle relaxant ; unsurpassed for prolonged procedures, 
and where profound relaxation is required. 


B.W. & CO. Muscle Relaxants 


al BURROUGHS WELLCOME & co. (The Wellcome Foundation Ltd.) LONDON 
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NOTICE TO CONTRIBUTORS 


This Journal is for the publication of original 
work in all branches of anaesthesia, including the 
application of basic sciences. Two issues each year 
deal mainly with material of educational value. 


Papers. Papers are accepted on the understand- 
ing that they have not been and will not be 
published in whole or in part in any other journal. 
They are subject to editorial revision. Manuscripts 
should indicate the title of the paper, the name 
qualifications and full address of the author, and 
be in double-spaced typing on one side only of 
quarto paper with a wide margin. 


Abbreviations, Weights and Measures. Abbre- 
viations should follow the convention adopted by 
the Fournal of Physiology. Weights and measures, 
dosages, etc., should be expressed in the metric 
system. 


Tables. All tables should be on separate sheets 
and be capable of interpretation without reference 
to the text. 


Illustrations. Photographs should be un- 
mounted, glossy prints. Drawings, charts and 
graphs should be in black indian ink on white 
paper. All illustrations should be clearly numbered 
with reference to the text on the back and should 
be accompanied by a suitable legend. The name 
of the author and title of the paper should also be 
written on the back of the illustrations. 


References. There should be a table of refer- 
ences at the conclusion of the paper. These 
references should be arranged according to the 
Harvard system and in alphabetical order. 
Abbreviations in the references should be accord- 
ing to the World List of Scientific Publications. 


In the Harvard system, in the text the year of 
publication must follow the author’s name, more 
than one paper in any one year being indicated by 
a small letter (a, b, c) after the date. In the 
references, the order should be: author’s name, 
followed by initials; year of publication in paren- 
theses; title of paper to which reference is made; 
title of publication underlined with a singe line 
(to indicate italics) and abbreviated in accordance 
with the World List of Scientific Periodicals; 
volume number in arabic numerals, underlined 
with a wavy line (to indicate bold face); the 
number of the first page in arabic numerals; thus: 
Howell, T. H., Harth, J. A. P., and Dietrich, M. 
(1954). The use of chlorpromazine in geriatrics. 
Practitioner, 173, 172. 

In the case of books, the reference should be as 
follows: name of author and initials; year of 
publication in parentheses; title of book; 
number of edition; page number; town of origin, 
publisher; e.g., Hewer, C. L. (1948). Recent 
Advances in Anaesthesia and Analgesia, 6th ed., 
p. 120. London: Churchill. 


The British fournal of Anaesthesia should be 
referred to in the references as Brit. #7. Anaesth. 


Proofs. Proofs will be sent to all contributors. 
These should be corrected and returned to the 
Joint Editors within forty-eight hours. 


Reprints. Twenty-five reprints of articles will 
be dispatched to the authors after publication. 
Further reprints can be supplied if application is 
made when the proofs are returned. 


Copyright. Papers which have been published 
become the property of the Journal and permission 
to republish must be obtained from the Editors. 
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.. for brief 
operative 
procedures 


Here is a new, more potent intravenous 
barbiturate, ‘Brietal Sodium’, which en- 
sures smooth induction of anaesthesia and 
rapid, clear-headed recovery. 

‘Brietal Sodium’ is of particular value in: 


electro-shock - dental surgery 
obstetrics - orthopaedics 
reduction of fractures - general surgery 
gynaecological examination 


‘BRIETAL 


Trade Mark 
METHOHEXITONE SODIUM 


The average dose is 50-100 mg. in a 1% 
solution. ‘Brietal Sodium’ is supplied in 
ampoules each containing 0°5 Gm. 


EL! LILLY AND COMPANY LIMITED - BASINGSTOKE * ENGLAND 
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All enquiries concerning 


ADVERTISING SPACE IN THIS JOURNAL 


should be addressed to 
the Advertising Agent 


Mrs. K. BLOMFIELD 
3 CROSWELL, GOOSE LANE 


MAYFORD 
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Telephone WOKING 6171 
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“I would have everie man write what he knowes and no more.” —MONTAIGNE 


BRITISH JOURNAL OF ANAESTHESIA 


VOL. XXXII, No. 7 


JULY 1961 


EDITORIAL 


THE YEARS BETWEEN 


Although best known as the title of a once popu- 
lar film, “the years between” can be considered 
a fitting description of the present state of the 
anaesthetic literature. The last major “rebellion” 
against established techniques followed the 
advent of the muscle relaxants, and minor clashes 
have followed the introduction of controlled hypo- 
tension, the phenothiazine compounds, hypo- 
thermia, suxamethonium and halothane. However, 
not even the most recent of these has made any 
marked impact on the current basic views on 
anaesthetic principles and techniques. Apart from 
a new intravenous anaesthetic (methohexitone) and 
a general analgesic (Sernyl), neither of which is 
arousing much enthusiasm, there might seem to be 
little for anaesthetists to write about at present. It 
seems worth while considering this statement 
seriously and taking stock of the current situa- 
tion. 

The introduction of each new drug and anaes- 
thetic technique is a challenge to those with 
facilities for undertaking basic research but this 
is limited almost wholly to the main teaching 
centres and university departments with a small, 
but increasing, contribution from the pharma- 
ceutical companies. Contributions from these 
sources are the mainstay of most specialized 
journals and provide the basis for our knowledge 
of the fundamental actions and pathological 
effects of anaesthetic drugs and their adjuvants. 
However, it must be admitted that they are often 
described in highly technical terms and illustrated 
with diagrams of such complexity that fireside 
reading is difficult and often unrewarding. This 
leaves us with the clinical sections of the journals 
and with a miscellany of items including notices 
of forthcoming meetings, Faculty news, corres- 
pondence, new inventions and book reviews. 


It is undoubtedly the general standard of the 
clinical papers which suffers in the “years 
between” and, since it is these which are most 
appreciated by the clinical anaesthetist, it is worth 
considering briefly how their value can be en- 
hanced and what contributions clinicians can 
make. 

A decade or so ago it was not uncommon 
to read reports of, for example, one thousand 
administrations of a new anaesthetic agent or of 
impressions of a new muscle relaxant or analgesic 
drug. Such publications often described the age 
and sex distribution of the groups of patients, 


and the nature and the duration of the opera- 


tions performed in some detail, but rarely 
contributed much of worth to our knowledge of 
the actions of the particular drugs; indeed they 
sometimes betrayed uncritical enthusiasm over 
drugs which are now half forgotten. They often 
failed to realize their potential value because the 
new preparation was not tested under comparable 
conditions with a more familiar drug. This 
criticism also applied frequently to the description 
of anaesthetic techniques and to studies of post- 
anaesthetic sequelae. There was too wide a use 
of such words as “small” or “large” in relation 
to dosage or “routine” as the only description of 
the premedication or technique. It can never be 
assumed by the author that the reader’s technique 
is similar to his own; a “small” induction dose of 
thiopentone can vary from 150 mg to 500 mg, 
and a small dose to one worker may well be con- 
sidered an overdose by another. 

The effect of premedication is not always 
taken into consideration in clinical papers and this 
can lead to incorrect interpretation of data. The 
now recognized connection between the con- 
stituents of the pre-anaesthetic medication and 
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the induction side effects of certain barbiturates 
emphasizes this point. 

Recently this “blunderbuss” reporting of 
investigations has been replaced to a large extent 
by studies of a better design which are full of 
statistical data. Although these indicate where 
statistically acceptable levels of difference have 
been reached, it is important to appreciate that 
they may not necessarily represent clinically 
important differences. It bears repetition here that 
statistical analysis does not make up for 
the deficiencies of data obtained from investiga- 
tions of poor design. Many readers who are un- 
familiar with statistical terminology turn to the 
“summary and conclusions”. The discussion of 
the findings which should in fact be the most 
valuable part of the paper is too often meaning- 
less because of the complicated way in which the 
results are presented. 

What is the solution to this problem? Are the 
journals to become increasingly unintelligible to 
the practising anaesthetist? Has he nothing to 
offer his colleagues in the form of useful and 
understandable contributions? The recent book 
by Professor H. K. Beecher* deserves the attention 
of all interested in pain and its contents may offer 
a clue. It has often been stated that the sub- 
jective sensation of pain is not amenable to 
quantitative measurement; yet in recent years, 
pioneered by the work of Beecher and others, 
carefully planned pain scales have provided use- 
ful data on the comparative value of different 
analgesic drugs. Similar methods might with 
advantage be applied to the examination of 
anaesthetic techniques. Although the overall 
picture of the course of anaesthesia may seem a 
difficult thing to express numerically, schemes for 
grading the induction and maintenance have 
recently appeared in the literature. These have 
given the relevant publications a value which 
otherwise they would not have had. Such schemes 
must of necessity be very simple and the classi- 
* Beecher, H. K. (1959). Measurement of subjective 
responses. New York: Oxford University Press 
(reviewed Brit. J. Anaesth., 33, 118). 
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fication must be so clear cut that it can be adopted 
by other clinicians. If this simplicity is main- 
tained, the field is opened for group studies 
involving several anaesthetists. It is hoped that 
many other studies using a quantitative method 
of assessing clinical papers will be published. 
These can come only from the clinician who is 
sufficiently interested and painstaking to record 
his observations in detail. Many hospitals are now 
fortunate enough to possess recovery room facili- 
ties and the possibilities for the investigation of 
such phenomena as postoperative pain and sick- 
ness or the respiratory response to analgesic drugs 
are numerous. 

Something rather more detailed than the in- 
formation recorded on the standard Nosworthy 
card is required. It is important that the anaes- 
thetist must know in advance what he is looking 
for and what points demand special attention in 
records. Incomplete data when analyzed in 
retrospect may give misleading results. As 
much thought and preliminary preparation 
should be given to the planning of a clinical study 
as to any other form of investigation and a pilot 
trial involving a small number of patients is 
essential so that any omissions from the recorded 
data can be detected before the final plan is 
evolved. It is advisable that a statistician and, if 
possible, a colleague with some experience of the 
type of study proposed should be consulted in 
the early stages. With their advice, the frustra- 
tion which follows unsuccessful attempts to analyze 
a mass of data from uncontrolled observations 
will be avoided. 

In Professor Beecher’s book, the whole subject 
of quantitative measurement of subjective res- 
ponses is discussed in detail. No field welcomes 
such a publication as much as anaesthesia. With 
its help “the years between” can become a fruit- 
ful period in which the clinical aspects of general 
anaesthesia are studied in detail and during 
which we can accumulate a wealth of “baseline” 
data against which the actions of new drugs or 
anaesthetic techniques can be assessed readily. 
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A SIMPLE INTERPOLATION METHOD FOR THE ESTIMATION OF Pco, 
IN WHOLE BLOOD 


Joun S. ROBINSON AND JOHN E. UTTING 
Department of Anaesthesia, University of Liverpool, England 


Tue method described depends on the fact that 
the plot of log Pco, against pH is rectilinear 
(Brewin et al., 1955) and can therefore be defined 
by two points. This is true not only of whole 
blood but also of plasma (Astrup, 1956; Nunn, 
1959). The use of plasma, however, has disadvan- 
tages. If plasma be separated at room temperature 
and then rewarmed to 38°C under anaerobic 
conditions the pH is higher and the total carbon 
dioxide is lower than that of the whole blood 
measured at this temperature (Rosenthal, 1948; 
Astrup, 1956). The plasma obtained from such 
separation cannot be regarded as “true” plasma, 
and the method of separation and the treatment 
of separated samples has to be rigidly controlled, 
whilst it would, of course, be quite incorrect to 
accept buffer lines of plasma obtained by other 
workers unless conditions of separation and treat- 
ment were identical. 

The use of whole blood, then, would seem to 
be more desirable, but the difficulty is haemoly- 
sis during equilibration with gases. This causes 
a shift of the buffer line to the left, due to the 
liberation of haemoglobin which is an ampholyte, 
and which acts as a proton donator under these 
circumstances. If, however, small quantities of 
blood be used this problem is virtually eliminated, 
and rapid equilibration is possible (Siggard Ander- 
sen, J@rgensen and Astrup, 1960). It has been 
found that the bubbling of gas through very small 
quantities of blood is satisfactory. 


APPARATUS 


The capillary electrode. 

For a method such as this an electrode of small 
capacity is required. The capillary electrode of 
Sanz (1957), is somewhat complex and the liquid 
junction has to be re-formed after each measure- 
ment with probable deviation of the liquid 


junction potential. A new capillary electrode 
(fig. 1) has therefore been designed (E.LL., type 
S.I.F.23) which has a capacity of 0.6 ml and is 
very stable (Robinson and Pimblett, 1961). The 
glass membrane of this electrode consists of a 
thin-walled capillary which is surrounded by a 
jacket containing N/10 HCl into which is inserted 
the inner reference electrode. The capillary is 
extended with a thicker wall on each side of the 
glass membrane to form a U shape. One limb of 
this contains the ceramic junction, which is in 
contact by a salt bridge of saturated potassium 
chloride solution with the mercury-calomel 
reference electrode. 


Silver- silver 
chloride 
Reference 


Liquid 
Junction 
enfite 


Mac Innes Dole 
Glass Membrane Fr 
Cera Plug. 


Fic. 1 
The capillary electrode. 
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The pH meter. 
The output of the electrode is measured on an 
accurate potentiometer (E.I.L., type C.33) and an 
electrometer having a high zero stability and 
accuracy (E.L.L., Vibron, type 33B.). The instru- 
ment allows a discrimination of 0.002 pH units. 


The equilibrating chambers. 
These consist basically of miniature double- 
bulbed splash heads (fig. 2). The double bulb has 


Fic. 2 
Eguilibrating chamber. 


a fine capillary tube at the lower end and a wide- 
bore tube leading out of the top, the latter being 
curved through 90° within the upper bulb. Blood 
introduced into the capillary and lower bulb forms 
large bubbles in both bulbs when gas is intro- 
duced from below. The chambers were designed 
to prevent the blood bubbling out during equili- 
bration with the gases and to allow the blood to 
form a capillary column after equilibration has 
been reached; the column can then be introduced 
into the electrode (vid. inf.). Completely to 
eliminate loss of blood from the chambers, how- 
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ever, it is necessary to treat them with silicone. 
This is done by washing with a 2 per cent solu- 
tion of dimethyldichlorosilane in carbon tetra- 
chloride, baking at 200°C, washing with water (to 
remove acidic breakdown products of the solvent) 
and drying with acetone and air. One application of 
silicone lasts about a fortnight. The silicone coat 
can then be removed with 40 per cent caustic 
soda and re-formed after the alkali has been re- 
moved by prolonged washing. 

Gases for equilibration. 

These were obtained from B.O.C. who supply 
cylinders of about 5 and 24 per cent carbon 
dioxide in oxygen. The accurate percentages are 
obtained by analysis in the Haldane gas analysis 
apparatus. The gases should be such that the Pco, 
to be determined lies between those of the cylin- 
ders; however, good results can be obtained 
without this. No change in the composition of the 
cylinders was apparent during their life and their 
position seems to be immaterial. Reduction of 
pressure of the gas from the cylinders to 7-8 
Ib./sq. in. is effected by an “Endurance” regulator 
(B.O.C.) or an Adam’s valve/pin combination. 


Humidifiers. 

The gases are humidified by passing through 
sintered glass discs and demineralized water kept 
at 38°C in the water bath (fig. 3). 


Flushing system. 

After each measurement the electrode is washed 
with neutral saline solution (Van Slyke, Weisiger 
and Van Slyke, 1949). This is stored under a soda 
lime trap and remains neutral for about a month. 
The saline is warmed by passing through a heat 
exchanger in the water bath. 

Water bath. 

The electrode, equilibrating chambers and 
humidifiers are immersed in a water bath (fig. 4) 
which is kept at 38°C by a heater (working by 
an electrothermometer and hot wire relay) with a 
stirring unit. This should maintain a constant 
temperature to within + 0.05°C. 


METHOD 


The blood may be either arterial or “arterialized 
venous” (Brooks and Wynn, 1959) or capillary 
samples may be used as described by Siggard 
Andersen, Jorgensen and Astrup (1960). The 
validity of the latter procedure has not, as yet, been 
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Slide showing capillary electrode (a), mercury calomel reference electrode 
(b), humidifiers (c), equilibrating chambers (d), gas leads to and from 
equilibrating chambers (e and f). 


fully established. The sample is taken into a syringe 
the deadspace of which has been filled with 
neutralized mineral oil (Van Slyke, Weisiger and 
Van Slyke, 1949) and one drop of heparin 
(5,000 i.u./ml) is added just before collection to 
prevent clotting. Under these circumstances blood 
can be obtained from an artery or vein without 
entry of air into the syringe, except for a small 
bubble which comes from the deadspace of the 
needle and enters the neutral oil; this has no effect 
on the Pco, of the blood. The blood so collected 
may be kept for up to 3 hours in iced water 
without detectable acid-base changes taking place 
(Astrup, 1956). 

The electrode is standardized using a 0.025M 
phosphate buffer (N.B.S.) or a 4:1 phosphate 


buffer (Semple, Mattock and Uncles, 1961). The 
values ascribed to these buffers are those of the 
N.B.S. scale, interpolated by Mattock (1959). The 
slope coefficient of the electrode was checked 
every three days by the use of a borate and 
phosphate buffer (Robinson and Pimblett, 1961). 
The pH of the blood in the syringe is deter- 
mined and then a small quantity (<<0.2 ml) placed 
in each equilibration chamber, being introduced 
into its capillary tube with a fine-bore rubber 
connection. Gas is then bubbled through the 
blood in each chamber for at least 3 minutes. Each 
sample is then introduced into the electrode, 
using a water vacuum pump, and its pH deter- 
mined. A fine degree of control over this process 
is secured by having a hollow glass T-piece in 
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Fic. 4 
Complete water bath. 


The assembly has been lifted out of the water bath for the purposes of 
photography. 
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the connection between the pump and the 
effluent from the electrode which can be occluded 
at will by the finger. The equilibrating chambers 
have to be taken out of the bath before the sample 
can be introduced into the electrode. The tem- 
perature of the sample drops 1—1.5°C during this 
procedure (as measured by a thermocouple) but 
this is of no importance since the solubility of 
carbon dioxide increases with decreasing tempera- 
ture; thus no carbon dioxide is lost and equili- 
brium at 38°C is rapidly attained again in the 
electrode. 

The partial pressure in the equilibrating chamber 
of carbon dioxide obtained from each cylinder is 
given by 


Barometric pressure — S.V.P. 


where the S.V.P. is the saturated water-vapour 
pressure at 38°C. 

The two values for the pH at known Peco, 
are plotted on semilogarithmic graph paper 
(Pco, on the log scale), and the actual Pco, of the 
sample can be read off at a point corresponding 
to the original pH of the specimen. 


% of CO, in cinder 


INVESTIGATION OF THE VALIDITY OF THE METHOD 


No previous investigation has been undertaken to 
test the validity of the whole blood method for 
determining Pco, by interpolation. Siggard 
Andersen, Jorgensen and Astrup (1960) accept the 
findings of a normal range for capillary blood as 
proof of this method. 

Blood was equilibrated at known Pco, by 
tonometry at 38°C, its apparent Pco, determined 
by the method outlined above, and the degree of 
correlation ascertained. The whole range of Pco, 
likely to be encountered in clinical practice was 
covered. 
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Tonometry. 

A method involving a double gassing technique 
was used in which the resultant Pco, in the gas 
and liquid phase is the same as that of the 
humidified gas source (Sherwood Jones, personal 
communication). The tonometers (fig. 5) are glass 
vessels of about 350 ml capacity. They were 
closed at both ends by “Subaseals”. A gas mixture 
was made up in a Douglas bag to the approximate 
value desired, and an accurate percentage was 
obtained by a Haldane apparatus, the accuracy 
of which had been checked by the National 
Physical Laboratory. The mixture was used 
immediately and no difference in composition 
could be detected before and after use. 

The Pco, in the tonometer is given by 
Barometric pressure —S.V.P. ) 


100 


where S.V.P. is the saturated water vapour pres- 
sure at 38°C. 

The Haldane apparatus measures gas saturated 
with water vapour at room temperature and the 
S.V.P. must be taken at 38°C. Douglas (1953, 
personal communication to Sherwood Jones) con- 
firmed that the Pco, calculated is correct. 

About 5 ml of blood was introduced into the 
tonometers which were then closed by the 
“Subaseals” and gas let in by a large needle 
inserted in one “Subaseal” and allowed to pass out 
through another wider bore needle in the other 
end at a flow rate of approximately 500 ml/min. 
The gas was humidified at 38°C by passage 
through sintered glass discs and water in a 250-ml 
Erlenmeyer flask before being introduced into the 
tonometer. The tonometer was immersed in a 
water bath at 38°C and “gassed” for 10 to 15 
minutes whilst the tonometer was being gently 
rotated by hand. It was then rotated mechanically 


% from Haldane ( 


Fic. 5 
Tonometer closed with “subaseals”. 
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in the bath for 10 minutes, and a second period 
of “gassing” (5 to 10 minutes) followed. A fur- 
ther period of rotation (10 minutes) completed 
the procedure. The total time taken was thus 
about 45 minutes. After each “gassing” the con- 
tents of the tonometer were brought to atmos- 
pheric pressure by allowing a bubble to emerge 
when the escape needle was held just below the 
surface of the water. 

At the end of the tonometry the blood was 
sampled under water by a needle and syringe 
through the “Subaseal”, and a small quantity 
removed (< 1 ml) and its pH determined. Due 
to the large capacity of the tonometer the removal 
of such a small quantity of blood has no measur- 
able effect on the Pco, of the sample or the re- 
maining gas in the tonometer. The blood from the 
tonometer was equilibrated with the gases of 
known Pco, as described in the interpolation 
technique above. 

The metabolic acidosis which occurs in the 
tonometer under these conditions was not pre- 
vented by the addition of fluoride: the acidosis, 


TABLE I 


BRITISH JOURNAL OF ANAESTHESIA 


though causing a shift of the buffer line, has no 
effect on the eventual Pco, under these circum- 
stances. 


RESULTS 

The degree of accuracy of the plotting of pH sets an 
obvious limit on the overall accuracy attainable by 
the method; for even though it be accepted that pH 
readings can be made correct to 0.002 pH units, 
it is difficult with the conventional single cycle 
log graph papers to express an accuracy greater 
than approximately 0.005 pH units. It follows 
from this cause alone, therefore, that the correla- 
tion of the interpolation method with tonometry 
is at best about 1 mm Hg, and at worst 1.5 mm Hg. 

Table I shows the actual results of the tono- 
metry experiments and the graph (fig. 6) shows 
the degree of correlation between the results 
obtained by using the interpolation method and 
those expected from tonometry. Lines are drawn 
to include the error shown above to be inevitable. 
From this graph it can be seen that over 60 per 
cent of the results plotted lie within the width 


Results of experimental verification of method. 


Pco, cylinders 


(mm Hg) pH _ Peo, by Tonometry 
interpolation 
No. E£.B.P High Low at high at low m method co, Pco, Difference 
Pco, Pco, tonometer (mm Hg) %) (mm Hg) (mm Hg) 
1 707 31.4 17.2 7.351 7.483 7.371 28.5 4.28 30.3 —1.8 
2 707 31.4 17.2 7.400 7.531 7.611 10.8 1.91 12.5 —1.7 
3 705 31.0 17.0 7.274 7.492 7.142 48.0 6.45 46.8 +1.2 
4 707 31.4 17.2 7.352 7.481 7.390 26.0 4.11 28.7 —2.7 
5 699 30.7 17.0 7.351 7.461 7.353 26.0 3.29 23.0 +3.0 
6 698 30.7 17.0 7.240 7.352 7.185 41.0 6.41 44.7 —3.7 
7 698 30.7 17.0 7.141 7.291 7.060 42.0 6.15 43.0 —1.0 
8 704 31.0 17.2 7.166 7.236 7.256 14.5 2.07 14.5 nil 
) 691 30.4 16.9 7.361 7.521 7.345 34.5 5.25 36.3 —1.8 
10 691 30.4 16.9 7.221 7.445 7.252 28.0 3.95 27.2 +0.8 
1! 681 30.0 16.6 7.230 7.394 7.138 41.5 6.46 44.0 —2.5 
12 681 30.0 16.6 7.320 7.590 7.235 37.0 5.61 38.0 —1.0 
13 684 30.1 16.7 7.245 7.335 7.188 40.0 5.85 40.0 nil 
14 696 30.6 17.0 7.241 7.361 7.200 37.0 5.23 36.4 + 0.6 
15 709 31.2 17.6 7.190 7.511 7.670 98.0 13.80 97.8 +02 
16 7 31.0 17.5 7.371 7.489 7.551 13.0 2.13 15.0 —2.0 
17 704 31.0 17.5 7.348 7.485 6.994 132.0 18.25 129.0 +3.0 
18 704 31.0 17.5 7.422 7.578 7.232 63.0 9.33 65.5 —2.5 
19 703 30.9 17.4 7.385 7.496 7.530 14.5 2.23 15.7 —1.2 
20 703 30.9 17.4 7.382 7.498 7.185 89.0 12.55 88.3 +0.7 
21 710 31.2 17.6 7.287 7.488 7.059 72.0 10.41 73.8 —1.8 
22 712 31.3 17.7 7.422 7.655 7.650 18.0 2.53 17.5 +0.5 
23 712 31.3 17.7 7.416 7.578 7.224 12.0 8.31 59.2 +28 
24 711 31.3 17.7 7.422 7.655 7.079 102.0 14.41 102.0 nil 
25 711 31.3 17.7 7.449 7.641 7.350 42.0 5.78 41.1 +0.9 


E.B.P.=Barometric pressure—S.V.P. at 38°C. 
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Pcoz mm Hg (tonometry) 
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A graph of the correlation between actual Pco, obtained by tonometry and 
value obtained by the interpolation technique. The lines are drawn to 
include an error of 1.5 mm Hg. 


of a band of correlation indicating the extent of 
the inevitable imprecision and that the greatest 
departure is little more than 1.5 mm Hg. The 
mean of the differences between the values 
obtained by interpolation and by gas analysis is 
-0.194 mm Hg, with a standard deviation of 
0.378, whilst the derivation of p (p > 0.67) shows 
that there is a 67 per cent probability of this 
being due to chance and not to a systematic 
experimental error. 

The accuracy of the method as assessed by 
tonometry is good. It will be noted that better 
results should be obtained if the tensions of 
carbon dioxide in the cylinders had straddled the 
tensions of carbon dioxide to be determined. It 
may be added that the accuracy which seems to 
have been attained at high levels of carbon dioxide 
tension (experiments 15, 17, 24) is fortuitous, as 


the graphical method used could not be expected 
to give such precision in this range. 


Standard bicarbonate. 

The value for the standard bicarbonate as 
defined by Astrup (1956) may be obtained from 
the Henderson-Hasselbalch equation given in the 
form 

HCO’, = 40 z (Antilog pH — PK’). 
Van Slyke and his colleagues (1928) gave a value 
for z, the solubility of carbon dioxide in plasma 
at 38°C, as 0.3010 and this is accepted here. 

It was found by experiment that the value for 
the composite constant pK’ shows greater varia- 
tion than is sometimes appreciated and a true 
value was sought experimentally in two ways: 

(1) Using the form of the Henderson-Hassel- 
balch equation set out above and assuming a 
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normal standard bicarbonate of 24 m.equiv/l. a 
series of thirty arterialized venous blood samples 
from normal subjects was examined. From this 
was obtained a mean value for pK’ of 6.09 with 
a standard deviation of 0.025. The two extreme 
values for pK’ obtained (6.14 and 6.04) might 
give standard bicarbonate values of 21 and 27 
m.equiv/l. respectively whilst the value for them 
under the same conditions using the mean pK’ 
would be 24 m.equiv/l. The reasons for this 
wide variation are under investigation. 

(2) A pilot investigation into actual values of 
pK’ assessed by estimation of actual Pco,, pH 
and the total bicarbonate (by the method of Van 
Slyke) has shown a wide individual variation 
of pK’ (from 5.97 to 6.21). Further work is in 
progress to elucidate this problem. 

Using the former value for the mean pK’ it is 
possible to construct a pH/log Pco, plot in which 
values for the standard bicarbonate can be directly 
read from a logarithmic scale plotted along the 
40 mm Pco, isobar, when a buffer line has been 
constructed. This is shown in figure 7 with three 
buffer lines (experiments 7, 12, 22) shown as 
examples. 

The value for whole blood bicarbonate 
measured under standard conditions (40 mm Hg 
Pco,, 38°C), has been found by most workers to 
have a value of 24-25 m.equiv/l. On the other 
hand, the value for pK’ derived or assumed by 
most investigators has a wider variation. It was 
considered to be permissible to assume the value 
of standard bicarbonate as the working constant 
in the Henderson-Hasselbalch equation, to derive 
a clinically feasible value for pK’. 


Buffer base and base excess and deficit. 


These values can be obtained using the nomo- 
grams of Singer and Hastings (1948) or Siggard 
Andersen and Engel (1960) but these were both 
founded on pK’ values of 6.11. The extent to 
which a pK’ may vary in abnormal subjects is 
not accurately known. Severinghaus, Stupfel and 
Bradley (1956) give a mean value of 6.09; 
Robinson, Price and Cullen (1934), 6.092; and 
Hastings, Sendroy and Van Slyke (1928), 6.10. 
The value derived above, by the authors, has 
given consistently feasible results in some 500 
clinical estimations. 
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Pcoz 


Fic. 7 


Examples of buffer lines obtained from tonometry. The 
point indicates the pH of the blood on removal from 
the tonometer. 


CONCLUSIONS 


The accuracy of the method of determining Pco, 
depends on the linearity of the pH/log Pco, plot 
—which in its upper limits is slightly convex to 
the right (Siggard Andersen and Engel, 1960)— 
on the accuracy of pH measurement and its 
plotting, and on the state of blood oxygenation. 
If the pH plot be accurate to 0.005 pH units 
and if the oxygen saturation be greater than 
90 per cent an accuracy of +15 mm Hg 
can be expected, at least for values which are 
straddled by the equilibrating gases. If lower 
oxygen tensions be encountered a correction factor 
may be applied. The correction required, how- 
ever, is rarely greater than 6 mm Hg, and its use 
must rarely be justified, especially since there is 
some doubt as to the validity of its derivation. 
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SUMMARY 


A method of determining the Pco, of whole 
blood by an interpolation technique is presented. 
Very small quantities of blood are equilibrated 
without haemolysis at two known tensions of 
carbon dioxide in special equilibrating chambers. 
The pH of these two samples and of the blood 
from the patient is determined using a new 
capillary electrode of small capacity, and from this 
the Pco, of the sample can be found by interpol- 
ation. The use of whole blood is preferable to 
that of plasma, due largely to difficulty in 
separating the latter under uniform conditions. 

An experimental assessment of the accuracy of 
the method is described and shown to be 0.76 
mm Hg at the 95 per cent confidence level 
(S.D. 0.378). A value of pK’ for the determina- 
tion of standard bicarbonate is suggested for this 
electrode system. 

The method is rapid and reasonably simple and 
it is concluded that it is of sufficient accuracy for 
clinical and experimental investigation. 
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THE PROBLEM OF POSTOPERATIVE PAIN 


BY 


B. R. J. SIMPSON AND J. PARKHOUSE 
From the Nuffield Department of Anaesthetics, Radcliffe Infirmary, Oxford, England 


Tue problem of pain is so complicated, and the 
literature relating to it is so extensive, that it would 
be presumptuous to attempt anything in the 
nature of a comprehensive review of the subject 
in a few pages. Nevertheless, the mechanisms 
involved in the perception and appreciation of 
pain are of obvious relevance to the postoperative 
period, and in order to understand the potentia- 
lities and limitations of the various methods of 
treatment which have been advocated for post- 
operative pain it is advisable to begin with some 
remarks about pain mechanisms in general. 

Depending upon the operation that has been 
performed, postoperative pain may originate from 
the surface of the b. ‘y, from the muscles, tendons 
or bones, from the peritoneum, or from the 
viscera. The mechanisms underlying the percep- 
tion of pain from each of these sources must there- 
fore be understood but it must also be realized 
that the reaction of the patient to the pain, and 
indeed to the whole situation in which he finds 
himself, is of at least as much importance as a con- 
sideration of purely anatomical and physiological 
factors. 


THE PERCEPTION OF PAIN 


Peripheral pain mechanisms. 

Despite the vast amount of work that has been 
carried out, controversy still persists with regard 
to the specificity of the sensory nerve endings. It 
has been shown (Sinclair, Weddell and Zander, 
1952) that the skin of the human ear, and indeed 
all hairy skin, has only freely ending nerves fibres 
or basketwork endings around hair cells. Never- 
theless, all four “classical” modalities of sensation 
are present. The same is now known to be true of 
the cornea (Lele and Weddell, 1956) and this find- 
ing has destroyed one of the most compelling pieces 
of evidence on which the theory of specific modali- 
ties of sensation was upheld. This recent work has 
pointed the way towards a concept of the differ- 
entiation of sensory stimuli by means of altera- 


tions in the pattern of discharge rather than as a 
result of differences in the nature of the discharges 
themselves. Sensations of heat and cold, for 
example, are now known to be dependent on 
transfer of heat to and from the skin rather than 
on absolute temperature (Lele, Weddell and 
Williams, 1954). It is also known (Weddell, Taylor 
and Williams, 1955) that, on a purely numerical 
basis, it is quite impossible for every hair to 
have an exclusive pathway to the central nervous 
system: accurate localization of a single hair must 
therefore involve “decoding” in space and time 
by some central nervous system mechanism. 


Visceral and deep somatic pain. 

The characteristic features of visceral pain are 
well known. It is poorly localized and aching in 
quality, and may be associated with nausea and 
vomiting. Reflex muscle spasm occurs, and this is 
important as a potential new source of noxious 
stimuli which contribute to the total experience 
of pain (Bonica, 1953). Pain from deep somatic 
structures resembles visceral pain in all these 
respects (Lewis and Kellgren, 1939). 

The hollow viscera contain nerve endings which 
respond principally to changes in the tension of 
their muscle coats. Moderate distension produces 
a sensation of fullness; greater distension produces 
pain, which may be accompanied by peristaltic 
movements. There are great differences in pain 
sensitivity between a normal and an inflamed 
viscus (Kinsella, 1939). The visceral peritoneum 
is not sensitive but stimulation of the parietal 
peritoneum, including that of the diaphragm, gives 
rise to pain, local tenderness and reflex muscular 
rigidity. Traction on the mesentery causes pain, 
frequently associated with nausea, vomiting and 
a shock-like picture. 


Central nervous system mechanisms. 

Axons carrying stimuli both from the periphery 
of the body and from the viscera have their cell 
stations in the dorsal root ganglia. However, the 
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spinothalamic tract contains an insufficient 
number of fibres to account for all the first order 
neurone fibres entering the dorsal roots (Ruch, 
1960): it is probable that visceral and somatic 
afferents share a common pathway at some level 
within the central nervous system (Gordon, 1957). 
This provides an explanation for the phenomena 
of referred pain. 

The majority of second order neurone fibres 
cross in the anterior commissure and ascend in the 
ventral columns of white matter. The spino- 
thalamic tract is probably more diffuse than has 
previously been supposed, extending from the 
denticulate ligament as far ventrally as the mid- 
line. Furthermore, there is a high incidence of 
ipsilateral fibres adjacent to the midline (French 
and Peyton, 1948), and even a complete antero- 
lateral cordotomy may result in residual pain 
which can only be relieved by cordotomy on the 
other side. There is considerable evidence to sug- 
gest that visceral sensation is, in the main, uni- 
lateral (Kerr, 1954; Chapman, 1954). 

The second order neurones end in the postero- 
ventrolateral nucleus of the thalamus, and reflex 
autonomic responses may well originate at this 


level, before any conscious appreciation of pain 
has occurred (Weddell, personal communication). 
The thalamus has afferent and efferent projec- 
tions to all parts of the cortex, basal nuclei and 
brain stem; accurate localization of a stimulus 
applied to the surface of the body results from 
projection from the thalamus to the sensory cortex. 


The characteristically poor localization of 
visceral sensation is possibly related to the rela- 
tively small number of nerve terminals in the 
viscera (Feindel, Weddell and Sinclair, 1948). 


Pattern formation in the central nervous system. 

In the past there has been a tendency to regard 
“pathways” for pain as rigid, independent systems 
conveying impulses which result in standardized, 
predictable responses. Probably nothing could be 
further from the truth: in Gooddy’s words (1957), 
“The notion of pathways for pain is but a fig- 
ment of the observer’s mind”. 

It was probably Nafe (1927) who first postu- 
lated that changing temporal and spatial patterns 
within the central nervous system may be respon- 
sible for differing sensations. Russell Brain (1950) 
expanded this concept, pointing out that there 
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are no less than twelve thousand million nerve 
cells available for the formation of such patterns: 
to illustrate the shortcomings of anatomical dis- 
section as a means of elucidating integrated 
function, Brain made an analogy between the 
central nervous system and a tapestry; if the 
tapestry is viewed through a magnifying glass the 
threads can be seen individually but not the 
design. On standing a little distance away, the 
design becomes »' sible but the individual threads 
are lost. 

The reorganization of incoming stimuli into 
differing patterns is greatly facilitated by the 
existence of multisynaptic internuncial neurone 
systems. By means of such systems, many elements 
of the central nervous system may be subjected 
to a prolonged bombardment of impulses originat- 
ing from a single stimulus, and this bombardment 
may persist long after the original stimulus has 
ceased. The reticular formation in the brain stem 
may influence pain, either by virtue of the direct 
passage of ascending impulses through it (Wed- 
dell, personal communication), or by modifying 
the affective component of pain through cortical 
projections (White and Sweet, 1955). By thinking 
in terms of this kind of mechanism, the facilitation 
and spread of pain, and many of the complex 
phenomena of intractable pain become explicable. 


REACTION TO PAIN 


The mechanisms so far discussed are all con- 
cerned with the appreciation of pain. It has been 
realized for many years, however, that the mere 
appreciation of pain does not determine its signi- 
ficance to the individual. In recent years much 
thought has been devoted to the question of how 
reaction to pain may be studied and modified. 

It is an everyday observation that during 
vigorous bodily activity contusions may be 
sustained without pain. Similarly, Beecher (1946) 
observed that wounded soldiers on the battlefield 
often have remarkably little pain even from severe 
injuries. Beecher attributed this finding to the 
psychological attitude of the patient, whose injury 
released him from combat and offered him a pass- 
port to safety, but although this may be an 
important factor there is no doubt that similar 
extensive injuries are seen in civilian practice with 
remarkably little pain. 

A painful or potentially painful stimulus repre- 
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sents only part of the total afferent inflow to the 
brain. Many factors determine the extent to which 
such a painful stimulus obtrudes upon conscious- 
ness: one of the most important of these factors 
is the association of ideas which imbues the pain- 
ful stimulus with its full significance for the 
individual. For this reason a “familiar” pain such 
as a headache, the natural history of which is 
known to the sufferer, is much more liable to be 
treated lightly than an unfamiliar pain with sinister 
implications, such as a first attack of retrosternal 
pain in a middle-aged physician. Walter (1958) 
has drawn attention to the relevance, in this con- 
nection, of the theory of the emotions originally 
propounded by William James, according to which 
the reflex responses initiated by a painful stimulus 
themselves would determine the emotional signifi- 
cance of the pain. 


Individual susceptibility. 

Reaction to pain may vary from the rare con- 
dition of congenital indifference (Critchley, 1956) 
to uncontrolled hysteria. There is relatively less 
reaction to pain at the extremes of life, and it is 
commonly believed that dark-skinned races and 
Northern Europeans have a relatively high pain 
threshold, whereas the Latin and Jewish races 
have a relatively low one. Although women are 
allegedly more stoical than men, several workers 
have found the opposite to be true (Sherman, 
1943; Wilder, 1940). The significance of some of 
these factors in the postoperative period will be 
discussed in a later paper (Parkhouse, Lambrechts 
and Simpson, 1961). 

“Conditioning” of one sort or another inevitably 
results from early experience in life: this has been 
demonstrated in the experimental animal (Nissen, 
Chow and Semmes, 1951; Melzack and Scott, 
1957), and its relevance to human patients has 
been discussed by Livingston (1953), who pointed 
out that the attitude of a child’s parents very 
largely determines his outlook on pain for the 
rest of his life. It is also known to be possible, 
by suitable training, to engender a remarkable 
degree of indifference to pain, and secret service 
agents have been subjected to such training lest 
they should divulge secrets under duress. Several 
interesting examples of indifference to pain, for 
example during surgery without anaesthesia, are 
given by Leriche (1939): a possible factor in this 
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indifference to pain is self-hypnosis induced by 
prayer (White and Sweet, 1955). 


The effects of drugs. 

Many drug actions, including those of morphine 
and similar analgesics, are concerned with the 
modification of the patient’s reaction to pain 
rather than prevention of its appreciation. Such 
drug effects resemble prefrontal leucotomy, after 
which the patient may still be aware that he has 
pain, without being concerned by the fact. Some 
drugs, such as hyoscine, have the property of 
causing amnesia for recent events. This property 
was exploited in the provision of “twilight sleep” 
for obstetrical analgesia. During twilight sleep, 
the patient gave every appearance of experienc- 
ing severe pain but had no recollection of this 
experience afterwards. This is of some relevance 
in connection with the early postoperative period, 
when most patients are under the residual influ- 
ence of some anaesthetic drug. It may be distres- 
sing to see and hear a patient complaining of 
severe pain soon after his return from the operat- 
ing theatre but careful inquiry the following day 
often reveals that there is no memory of this 
painful exnerience; this matter will be dealt with 
more fully in connection with postoperative 
amnesia (Lambrechts and Parkhouse, 1961). 


PAIN AFTER SURGERY 
During the pre-operative period there is little 
time in which to bring about any modification in 
the patient’s general attitude to pain. Nevertheless, 
it is important to realize that the pain threshold 
itself varies greatly with mood, fatigue, fear of 
the unknown, and with the consequences of injury 
(Beecher, 1956). There is no more certain way 
of lowering the pain threshold than by fear. 
Admission to a well-ordered ward, with adequate 
and cheerful nursing staff, can make a tremen- 
dous difference to the patient’s outlook. It should 
be remembered that the patient’s attitude may 
be greatly modified by previous hospital experien- 
ces and by the behaviour of neighbouring patients 
who have already undergone surgery. In particu- 
lar, a sleepless night resulting from noise in the 
ward may cause sufficient fatigue and appre- 
hension to lower the pain threshold to a marked 


degree. 
Postoperative pain may be associated with rest- 
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lessness and disorientation, particularly in old 
people, and with general physical exhaustion due 
to worry and lack of sleep. Many patients are 
nauseated and anorexic after surgery; they may 
be disturbed by the presence of intragastric tubes 
or intravenous transfusions, and they may be 
obliged to tolerate repeated injections of drugs. 
Intestinal atony, flatulence and abdominal dis- 
tension are frequent, and many patients suffer 
more discomfort from these causes than from 
actual wound pain. Difficulty with micturition 
may occur, especially in the male, and especially 
after pelvic and lower abdominal operations. All 
these factors contribute to the general post- 
operative state of the patient and all must receive 
careful consideration before analgesic drugs are 
prescribed. Generally speaking, the amount of 
postoperative pain varies greatly with the site of 
operation: this question will be discussed 
separately (Parkhouse, Lambrechts and Simpson, 
1961). 


TREATMENT OF POSTOPERATIVE PAIN 


Over the years many approaches have been made 
to this problem and it is both interesting and 
instructive, in the light of our present concept of 
the pain mechanism, to see why so many methods 
have failed or proved only partially successful. 

In assessing the efficacy of any method of 
treatment, it is important to bear two things in 
mind: firstly, the “natural history” of the painful 
condition must be understood. Postoperative pain 
is self-limiting, there are wide variations between 
one patient and another, and after many types of 
surgery there is little need for powerful analgesics. 
Secondly, the effectiveness of any form of treat- 
ment must be measured against what is expected 
of it. For example, many drugs will reduce post- 
operative pain to a tolerable, or even to an insig- 
nificant level as long as the patient lies quietly in 
bed; to some observers this may signify that the 
method of treatment is successful but if an attempt 
is made to persuade the patient to cough vigor- 
ously, sit up and move about, or get out of bed, 
it soon becomes clear that the “success” of the 
treatment is, to say the least, somewhat limited. 

The methods of treating postoperative pain 
may conveniently be reviewed under the following 
headings : 

(1) Use of morphine and similar drugs. 


(2) Use of local analgesic drugs. 
(3) Other methods. 


Morphine and similar drugs. 

Quite apart from the problems mentioned above, 
the comparison of analgesic drugs is made especi- 
ally difficult by the fact that some patients, so- 
called “placebo reactors”, apparently obtain pain 
relief from the injection of normal saline: this 
problem has been discussed by Lasagna and his 
colleagues (1954) and by Beecher (1955). Further- 
more, some confusion has resulted from the com- 
parison of drugs in the relief of experimental pain. 
Considerable circumspection is necessary before 
concluding that such results are relevant to the 
problems of clinical practice (Beecher, 1959). 

Despite many enthusiastic claims that have been 
made for the advantages of new drugs, Keats 
(1956), having used a number of recently intro- 
duced compounds for the management of post- 
operative pain, found that equivalent degrees of 
analgesia were accompanied by the same amount 
of respiratory depression and the same incidence 
of nausea and vomiting. 

The principal disadvantage of all the powerful 
analgesic drugs is that they are liable to produce 
respiratory depression and drowsiness. Although 
some sedative effect may be valuable, particularly 
at night, it is a disadvantage if the patient becomes 
reluctant to move about the bed and too sleepy 
to co-operate. Pain relief 2s customarily produced 
with morphine and similar drugs is never com- 
plete; thus, particularly -after upper abdominal 
operations, the patient is denied what should be 
one of the greatest advantages of freedom from 
pain, namely, that he is able to safeguard himself 
from respiratory complications by vigorous 
coughing. Attempts at improving analgesia by 
using larger doses of drugs have always in the 
past been fraught with the grave danger of res- 
piratory and circulatory depression; more recently 
the introduction of such drugs as amiphenazole 
(Shaw and Shulman, 1955) and tetrahydroamina- 
crine (Stone, Moon and Shaw, 1961) has done 
much to mitigate this danger. The use of ami- 
phenazole and similar drugs will be discussed in 
a separate communication. 

Some newly introduced synthetic analgesics are 
claimed to have a longer duration of action than 
morphine; alternatively, analgesics may be used 
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in conjunction with other drugs. Parasympatho- 
mimetic agents prolong the action of morphine 
and similar drugs (Slaughter and Gross, 1938); 
this fact has been exploited in the treatment of 
intractable pain due to malignancy. Chlorpro- 
mazine and other phenothiazine derivatives have 
been used in conjunction with analgesic agents; 
Dodge, Schotz and Corbit (1957) claimed that 
chlorpromazine reduces analgesic requirements by 
about one-third, and similar results have been 
described with the use of meprobamate. Although 
“ataralgesia”, produced by the combination of 
pethidine, amiphenazole and pecazine, has not 
been described for the treatment of postoperative 
pain, Hayward-Butt (1957) maintained that his 
patients were able to walk back to the ward after 
major surgery, and this suggests that it may be 
possible to produce considerable analgesia with- 
out great depression of the central nervous system. 
There may prove to be much of relevance to the 
problems of the postoperative period in the 
present wave of interest in the pharmacology of 
analgesia and the modification, by drugs, of the 
central nervous system mechanisms concerned 
with consciousness and emotional “tone” (Hopkin, 
1961; Greifenstein et al., 1958; Johnstone, Evans 
and Baigel, 1959). Also of interest with regard to 
the first few hours after surgery is the recent 
suggestion that thiopentone and some drugs used 
in premedication (for example promethazine) may 
have “anti-analgesic” effects (Clutton-Brock, 1960; 
Moore and Dundee, 1961). 


Use of local analgesic drugs. 

The first attempt to control postoperative pain 
by means of an analgesic block was made by Crile 
in 1918 (Bonica, 1953). He infiltrated the wound 
with a solution of quinine and urea; the analgesia 
lasted for several days, but the method was 
abandoned because of the formation of a fibrinous 
exudate, with suppuration, at the site of injection. 
Yeomans, Gorsch and Mathesheimer (1928) 
described the use of a local anaesthetic solution in 
oil to provide relief of pruritus ani. Similar oily 
solutions were used to produce prolonged anal- 
gesia after proctological operations but there was 
considerable dispute as to their efficacy. Duncan 
and Jarvis (1943) showed that the long-lasting 
effect of these oily solutions was due not to the 
oily base but to the benzyl alcohol used as a solvent 
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for the local anaesthetic. This substance produces 
organic nerve damage, rather than functional 
blockade, so that the return of sensation depends 
upon regeneration. Oily solutions have been 
abandoned in most clinics following the occur- 
rence of abscesses and sloughing at the site of 
injection. The subsequent introduction of Efo- 
caine, as a non-oily substitute for these long-act- 
ing preparations, was hailed with enthusiasm 
(Gross and Shaftel, 1952); however, sloughing, 
postinjection neuritis and permanent paraplegia 
have all been reported after the use of Efocaine 
(Bonica, 1953). 

Local analgesic methods have proved most 
effective in the relief of pain from the body wall 
after thoracic and abdominal operations. Capelle 
(1935) left several large curved hollow needles in 
his abdominal wounds, like deep tension sutures, 
after closing the peritoneum. Through these 
needles the wound was irrigated with local anaes- 
thetic solution as often as necessary to relieve pain. 
The method was effective but surgeons were 
reluctant to leave needles in the wound for fear 
of infection and delay in healing. Polyethylene 
tubes were placed deep to the anterior rectus 
sheath for the same purpose by Gerwig, Thomp- 
son and Blades (1951): these authors found that 
their patients needed only one-quarter of the 
usual amount of morphine. Iason and Shaftel 
(1952) used Efocaine to produce abdominal field 
block. Subsequent studies failed to confirm the 
96 per cent success rate claimed for this method, 
and Efocaine is now in disrepute for the reasons 
mentioned above. 

Intercostal nerve block is an improvement on 
infiltration or field block, because in addition to 
providing somatic analgesia it prevents the reflex 
muscle spasm which may result from visceral 
irritation. Since it does not block impulses from 
the peritoneum or viscera, it is most effective after 
mastectomy, herniorrhaphy, or other superficial 
operations on the chest wall or abdomen. Labat 
(1930) described the intercostal injection of 
alcohol for relief of pain following thoracoplasty; 
ten years later Bartlett (1940) described his 
lateral approach and this led to Zollinger’s (1941) 
use of eucupen and benzyl alcohol in oil. Bonica 
(1953) made repeated intercostal infiltrations with 
amethocaine, usually for 2 to 4 days after opera- 
tion: in 95 per cent of his cases, each injection 
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provided analgesia for 6 to 10 hours, and as a 
result of this the patients were able to breathe 
deeply, cough effectively and get up earlier. 

Paravertebral block may be used to relieve 
postoperative pain in any region of the body below 
the head. In contrast to intercostal block all peri- 
pheral pain pathways, including those from the 
viscera, are anaesthetized. A disadvantage is the 
possibility of intrathecal injection or pneumo- 
thorax, the latter being particularly serious in a 
patient recovering from abdominal surgery 
(Macintosh and Bryce-Smith, 1953). A further 
disadvantage is that if paravertebral block is 
extensive, hypotension is just as likely as after 
an equally extensive spinal or extradural block. 
The method was used by Gius (1940) for the treat- 
ment of two cases of postoperative atelectasis; by 
relieving pain and bronchoconstriction the block 
permitted vigorous coughing with the expectora- 
tion of thick secretion and rapid cure in both 
cases. Both intercostal block and paravertebral 
block require repeated multiple injections which 
are time-consuming and unpleasant for the patient. 
This is a difficulty which can be overcome by 
the use of intermittent extradural injections 
through an indwelling catheter: a separate paper 
is devoted to the use of extradural analgesia for 
the relief of postoperative pain (Simpson et al., 
1961). 

Mention should also be made of the use of 
local anaesthetic agents intravenously. Although 
several workers have advocated this method for 
the treatment of postoperative pain (McLachlin, 
1945; Brittain, 1949; Pooler, 1949), it has proved 
somewhat disappointing. Large doses of local 
anaesthetic agents have central depressant effects 
and the improvement in respiratory function and 
vital capacity is disappointingly small in propor- 
tion to the degree of pain relief. Dawkins and 
Steel (1957) have reported prolonged postopera- 
tive analgesia after the use of intramuscular 
lignocaine as a supplement to nitrous oxide and 
oxygen anaesthesia, and a similar claim has been 
made for intravenous lignocaine administered 
during surgery (de Clive-Lowe, Gray and North, 
1954). 


Other methods. 
Analgesia by inhalation. Apparatus is available 
for the administration of known concentrations of 
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nitrous oxide, trichloroethylene, and diethyl ether. 
Each of these drugs is in current use as an anal- 
gesic agent, although for conditions other than 
postoperative pain. It would be possible to 
introduce nitrous oxide into an oxygen tent in 
order to provide postoperative analgesia, but the 
method would be cumbersome and it is unlikely 
that great success would be obtained (Parkhouse 
et al., 1960). Both ether and trichloroethylene are 
sufficiently potent to be vaporized in analgesic 
concentrations in room air, and the use of the 
latter agent in obstetrical practice is well known. 
It is unlikely that the use of such methods would 
prove acceptable for the continuous relief of post- 
operative pain, but the inhalation of trichloro- 
ethylene during the changing of dressings, and 
similar procedures, has distinct possibilities. 

Hypnotism. Crasilneck and his colleagues 
(1955) who used hypnosis as an aid to the treat- 
ment of severely burned patients, found that 
posthypnotic suggestion helped to allay post- 
operative pain. Wider use of this method after 
surgery, although time-consuming, would have the 
advantage that no drugs need be used and 
adequate coughing, free movement, and early 
ambulation would be possible. 

Mason (1958) reported that normally the deep 
trance state required for complete analgesia can 
be produced in only about 15 per cent of patients. 
Nevertheless, the work of Butler (1954), who used 
hypnosis to treat intractable pain from carcinoma, 
suggests that the presence of pain increases the 
willingness and ability of a patient to become 
hypnotized—a suggestion which may be relevant 
to the observations of Leriche (1939) mentioned 
above. Mason (personal communication) believes 
that it should be possible to provide complete 
pain relief in at least 50 per cent of patients after 
upper abdominal surgery. He makes the point that 
after the initial hypnotic state has been induced 
by an experienced hypnotist transference to a less 
experienced practitioner, or ward sister, is pos- 
sible. 


DISCUSSION 


The administration of morphine and similar drugs 
is easy and requires no apparatus other than a 
needle and syringe. Because of this fact alone, 
morphine has brought relief to many thousands of 
patients who otherwise must necessarily have 
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suffered; the widespread, and on the whole 
successful, use of morphine over the years bears 
testimony to a fairly wide margin of safety. In 
reality, however, this “safety” is no more than the 
result of a compromise between complete absence 
of depression on the one hand, and complete pain 
relief on the other. At its best morphine provides 
only partial relief of postoperative pain, and 
whereas this may be sufficient in most cases it 
imposes serious limitations in the management of 
bronchitic patients after upper abdominal surgery. 
At its worst, morphine is still today responsible 
for fatalities and unnecessary complications when 
administered indiscriminately: like thiopentone, 
it is “fatally easy to give”. 

Simple infiltration of the wound with local 
anaesthetic solution removes one element of the 
patient’s pain, and after operations on the surface 
of the body this may be the major element. With 
paravertebral and extradural block, visceral and 
peritoneal pain may also be relieved, but even 
these methods are effective only in blocking per- 
ception: the patient’s reaction to his surround- 
ings is not influenced, as it is by morphine, and 
when pain has been relieved other irritations may 
become more noticeable. Nevertheless, the com- 
plete relief of postoperative pain, as by extradural 
block, is dramatic; although the method may 
never have the ready, universal applicability of 
morphine it must surely have a place in the 
management of those patients who are specially 
liable to the development of respiratory compli- 
cations. 

Although large numbers of papers have been 
published on the treatment of postoperative pain 
by various methods, use of these methods has 
almost always been limited or sporadic—very few 
have “come to stay”, and for the vast majority of 
patients the treatment of postoperative pain 
remains old-fashioned and unenthusiastic. From 
the anaesthetist’s point of view there are many 
reasons for this state of affairs, not the least of 
which is the difficulty of finding time to visit and 
prescribe individually for patients who are 
scattered widely throughout the wards of a hos- 
pital. The postoperative nursing of patients in an 
intensive therapy unit in close proximity to the 
operating theatres would enable, and indeed com- 
pel, the anaesthetist to take a much closer interest 
in the management of pain at this time; certainly 
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it would permit the more extensive application of 
relatively exacting methods such as intermittent 
extradural block. 

At present, responsibility for the treatment of 
postoperative pain does not rest exclusively with 
the anaesthetist. As long as the present hospital 
situation continues, in which patients are returned 
to several different surgical wards while the anaes- 
thetist continues his work in the theatre the indi- 
vidual assessment of each case will remain an 
unattainable ideal. Nevertheless, there is room for 
enlightenment on the part of many who are res- 
ponsible for the treatment of pain in the early 
postoperative period: the nature and origin of the 
pain, and the mechanism of its perception must 
be understood, and at the same time the patient’s 
reaction must be assessed. The natural incidence 
of postoperative pain after various procedures 
must be appreciated, and a sense of proportion 
must be maintained with regard to the size of 
the problem as a whole. The routine prescribing 
by a house-surgeon, sometimes even before the 
operation has been performed, of papaveretum 
20 mg 4-hourly may be better than nothing, but 
it represents a standard of treatment far below 
the delicate individual assessment of dosage which 
has proved so advantageous in the operating 
theatre. 


SUMMARY 


Work and viewpoints which have modified 
traditional concepts of the perception and appre- 
ciation of pain are presented. It is argued that 
many factors in addition to the site and nature of 
an operation may affect a patient’s awareness of 
postoperative pain. 

Methods of treatment of postoperative pain are 
reviewed and compared, and the reasons for their 
limitations discussed. 
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“Hypothermia and the Effects of Cold.” British 
Medical Bulletin (1961). January, Vol. 17, No. 1. 
Price 20s. 

“A wealth of information” is the best description the 

reviewer can think of to describe this issue of the 

British Medical Bulletin. An “Anglo-Canadian” issue 

would be another suitable description, for the authors 

are drawn almost equally from the two countries. 

In contrast with other recent publications which 
stress the clinical aspects of hypothermia, this issue 
of the Bulletin deals in some detail with the basic 
effects of cold on vital functions, but contains 
sufficient clinical material to make it of interest to 
anaesthetists and other clinicians. 

The first two chapters recall the once widespread 
use of the term “hibernation”, which was considered 
synonymous with drug induced hypothermia, since 
they deal with the resistance of poikilothermic animals 
to cold and hibernation in mammals and birds. They 
show how wrong the use of this term was and it is 
interesting to note that they do not contain a single 
reference to the French work on artificial hibernation. 
The physiological effects of local and generalized 
cooling and biochemical changes in acclimatization 
to cold are next discussed and these sections increase 
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our knowledge of the mechanism of thermoregula- 
tion. From reading these it becomes obvious that 
there is still much interesting work to be done in 
this field 

Anaesthetists will welcome 
I. K. R. McMillan and Dr. E. S. Machell on the 
technique of induced hypothermia, with its very 
extensive bibliography. The hazards of ventricular 
fibrillation and skin necrosis, anaesthesia, rewarming 
and direct cooling of the blood are all clearly dis- 
cussed. British contributions on profound hypothermia 
in cardiac surgery (Mr. C. E. Drew), experimental 
deep hypothermia (Mr. J. R. Kenyon) and the circu- 
lation in hypothermia (Dr. K. E. Cooper) remind us 
of the part which this country is playing in the 
development of this subject. 

Other topics discussed in this valuable issue include 
the effects of hypothermia on metabolism, hormones, 
the central nervous system, the response to drugs, and 
the sensitivity of hypothermic mammals to irradiation. 
As usual, it concludes with interesting notes on the 
contributors. One novel feature is the inclusion of 
many advertisements of apparatus used in connection 


with hypothermia. 
John W. Dundee 
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ay 
- 


Brit. ¥. Anaesth. (1961), 33, 345 


THE INCIDENCE OF POSTOPERATIVE PAIN 


BY 


J. ParkHouse, W. LAMBRECHTS* AND B. R. J. SIMPSON 
Nuffield Department of Anaesthetics, Oxford, England 


THE pains of mankind are always with us and post- 
operative pain, in particular, is something which 
each of us must at some time treat, or endure. 
Innumerable publications bear evidence to the 
inadequacy of our methods of management and a 
glance into any hospital reveals the complacency 
with which we abandon our postoperative patients 
to “the houseman’s cautiously administered 
opiate” and “the tearing discomfort which accom- 
panies their suppressed and quite ineffectual bouts 
of coughing” (Editorial, 1953). 

Despite many claims for new methods of treat- 
ment the actual incidence, severity and persistence 
of postoperative pain are very little discussed. So 
much is this so that most hospital doctors have 
almost no insight into the natural history of the 
condition they are expected to relieve. Bonica 
(1953) and Keats (1956) both discussed the occur- 
rence of postoperative pain in a general way and 
referred to some factors which may modify it. 
Papper, Brodie and Rovenstine (1952) also pub- 
lished a study of postoperative pain but they were 
principally interested in its possibilities as a test- 
ing ground for new analgesics and they studied 
only 149 patients. Beecher and his colleagues 
(Denton and Beecher, 1949) have also used post- 
operative pain for the comparison of analgesic 
drugs. 

METHOD 

In approximately 1,000 patients the severity and 
duration of postoperative pain have been estimated 
in terms of its treatment by drugs. This is a small 
and relatively circumscribed study, being confined 
principally to general surgical procedures in 
adults, but it may serve as a convenient yardstick 
of present-day practice against which advances in 
prevention and treatment may be measured. 


*Now at Groote Schuur Hospital, Cape Town, South 
Africa. Formerly Nuffield Dominion Clinical Assistant, 
Oxford. 


The nursing staff of the surgical wards in a 
teaching hospital were provided with sheets on 
which it was possible for them to record the time 
of the patient’s return from theatre and the times 
and dosages of all subsequent postoperative anal- 
gesics for the first 48 hours. It was thus possible 
to use two criteria in estimating postoperative drug 
requirements: (1) the interval of time between 
return from the theatre and the first injection; 
(2) the total number of injections during the first 
48 hours. Each sheet was then completed with 
the patient’s name, sex and age, the nature and 
duration of his operation and the anaesthetic 
agents employed, so that the influence of these 
various factors could be assessed. 


RESULTS 


Differences between wards. 

There were remarkably few differences in 
timing and frequency of injections that could be 
attributed to specific ward practices. “Clinical 
impressions” that patients received greater 
quantities of postoperative drugs in some wards 
than in others proved to be largely unfounded; 
some sisters were more inclined than others to 
give codeine or aspirin tablets for mild pains and 
discomforts but this form of medication was not 
included in the present study. Since severe pain 
was treated in a fairly uniform manner distinc- 
tions have not been made between one ward and 
another. 

It must be emphasized that this conclusion 
applies to general surgical wards: many ortho- 
paedic, gynaecological and other specialized wards 
have their own customs and traditions with regard 
to the use of postoperative drugs. 


Site of operation. 
This was by far the most important single factor 
determining the severity of postoperative pain. 
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Number of injections. Figure 1 illustrates the 
relationship between site of operation and number 
of postoperative injections. The greatest numbers 
were required after gastric surgery, including per- 
forations of the stomach and duodenum. Most of 
these patients needed three or four injections; 
only 31 per cent of the 123 cases had fewer than 
three injections and 45 per cent had more than 
three. Cholecystectomy, with or without explora- 
tion of the common bile duct, showed the next 
highest drug requirement; this group had a more 
compact distribution than most, 90.8 per cent of 
the patients needing between one and four 
injections and none needing more than five. Other 
upper abdominal procedures showed a similar 
pattern, with a peak requirement at two injections, 
but as would be expected from the less specific 
nature of the surgery there was a greater degree of 
scatter about this mode. 

Next in order of drug requirements came lower 
abdominal operations excluding appendicectomy 
and excluding gynaecological procedures. Here 
again scatter was very considerable, 17.6 per cent 
of the cases requiring no postoperative medication 
and 19.9 per cent requiring four or more injec- 
tions. In the total series of 453 abdominal 
operations, excluding simple appendicectomy, 
only 7.9 per cent of patients had no drugs. After 
upper abdominal surgery, only 4 per cent of 322 
patients required nothing. 

Simple appendicectomy showed a well-defined 
peak requirement at one injection (44.2 per cent 
of 215 patients); 25.1 per cent of the patients 
needed no postoperative drugs and 30.7 per cent 
had more than one injection. Despite the still 
common belief that hernia operations are particu- 
larly painful, over half the patients in this series 
(52.4 per cent of 126 cases) required no post- 
operative drugs and only 13.5 per cent required 
more than 1 injection. Surgery of the head and 
neck and limbs (excluding orthopaedic procedures) 
closely resembled inguinal and femoral hernio- 
tomy in the pattern of drug requirements. The 
lowest requirements followed minor procedures on 
the chest wall and breast, and scrotal surgery: 81.7 
per cent of these patients needed no drugs. 

Thus, when postoperative pain was estimated 
in terms of the number of injections given to the 
patient, practically all abdominal cases required 
something, two to four injections most commonly 
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being given. The great majority of simple appen- 
dicectomies received a single injection or nothing 
at all; about half the patients who underwent 
repair of an inguinal or femoral hernia required 
a single injection, and after minor surgery on the 
surface of the body about 80 per cent of cases 
needed nothing. 

Timing of first injection. Figure 2 shows the 
interval of time between the patient’s return from 
theatre and the first administration of an analgesic, 
related to operation site. Of the 114 gastric patients 
who were given postoperative drugs, 58.7 per 
cent required an injection within 3 hours; this 
contrasted with only 30.7 per cent of the 225 
cases of appendicectomy and herniotomy who 
eventually required postoperative drugs. As with 
the total number of injections (fig. 1), abdominal 
operations other than those involving the stomach 
and duodenum lay between the gastric surgery 
group and the groups comprising operations upon 
other parts of the body. 

Sex. 

In comparing the drug requirements of men and 
women a difficulty arises in finding sufficiently 
large number of strictly comparable operative 
procedures. Also, since the nature of the anaes- 
thetic agent and the age of the patient may in- 
fluence postoperative pain (see below) these 
factors must be considered. 

In the present series 147 simple appendicec- 
tomies were performed under thiopentone, nitrous 
oxide and oxygen anaesthesia in patients between 
10 and 50 years of age. Of these patients 66 (44.9 
per cent) were men and 81 (55.1 per cent) were 
women. Table I shows the drug requirements of 


TABLE I 
Influence of sex on number of postoperative injections. 


All simple appendicectomies performed under thio- 
pentone, nitrous oxide and oxygen anaesthesia in 
patients below age 50. 


Number of injections 
Sex 0 1 2 Over Total 


Male 


15 28 15 8 
(22.7%) (42.4%) (22.7%) (12.2%) 


Female 81 


18 38 20 5 
(22.2%) (46.8%) (24.7%) (6.3%) 


Total 33 66 35 
(22.5%) (44.9%) (23.8%) (8.8%) 


xy? = 1.73; n = 3; P>0.50. 
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Taste Il 
Influence of sex on timing of first postoperative injection. 


All simple appendicectomies performed under thiopentone, nitrous 
oxide and oxygen anaesthesia in patients below age 50. 


Interval between return to ward and first 
injection (in hours) 


4-6 6-8 


0-2 24 Over 8 Total 


13 10 12 6 10 51 
(25.5%) (19.6%) (23.6%) (11.8%) (19.6%) 
19 19 7 6 64 


di%) (9.4%) 


13 
(20.3%) (29.6%) (29.6%) 


26 29 31 
(22.6%) (25.2%) (27%) 


13 16 115 
(11.3%) (13.9%) 


= 4.02; n 


these patients and it may be seen that there was 
no statistically significant difference between the 
sexes. Table II presents an analysis of the same 
cases in terms of the interval of time between 


TABLE III 
Influence of age on number of postoperative injections. 


All simple appendicectomies performed under thio- 
pentone, nitrous oxide and oxygen anaesthesia. 


Number of injections 


Over 2 


Age 
(years) 0 1 2 Total 
Below 30 22 46 25 10 103 
(21.4%) (44.7%) (24.2%) (9.7%) 

15 26 13 5 
Yo) (44%) (22%) (8.6%) 
15 


Total 37 72 38 
(22.8%) (44.4%) (23.4%) (9.3%) 


30 and over 


P>0.98. 


TABLE IV 
Influence of age on number of postoperative injections. 


All abdominal operations, excluding gastric surgery, 
performed under thiopentone, nitrous oxide and oxygen 
anaesthesia. 


Number of injections 
Below 3 3 Above 3 
22 11 15 48 
(45.8%) (22.9%) (31.2%) 


50 and over 56 11 19 86 
(65.1%) (12.8%) (22.1%) 


(58.1%) (16.4%) (25.4%) 
x° = 6.79; n = 2; P<005S. 


Age 
(years) Total 


Below 50 


Total 


= 4; P>0.30. 


return to bed and the first postoperative injection : 
there was some tendency for the female patients 
to receive their drugs earlier but again the dif- 
ference was not large enough to be statistically 
significant. 


Age. 

Number of postoperative injections. Table III 
shows the relationship of age to drug requirements 
in 162 simple appendicectomies anaesthetized with 
thiopentone, nitrous oxide and oxygen. It was not 
possible to demonstrate any significant effect of 
age in these cases but only 31 appendicectomies 
were performed in patients over the age of 40 
and only 15 in patients above 50. Accordingly, a 
similar analysis was applied to 134 upper and 
lower abdominal operations (excluding gastric 
surgery) anaesthetized with thiopentone, nitrous 
oxide and oxygen. In these cases the age range 
was much wider, 55 patients being over 60, of 
whom 32 were above 70 and 8 above 80 years of 
age. Table IV demonstrates that when the drug 
requirements of patients below the age of 50 were 
compared with those of patients above this age a 
significant difference was found. In clinical 
practice the difference is small, although it is 
noteworthy that in the abdominal cases no patient 
below the age of 50 managed without post- 
operative drugs. 

Time of first injection. In abdominal cases 
(excluding gastric surgery) anaesthetized with 
thiopentone, nitrous oxide and oxygen the age of 
the patient had no influence on the length of time 
which elapsed before the administration of the 
first postoperative drug (table V). 


x 
Male 
Female | 
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4 
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Influence of age on timing of first postoperative injection. 
All abdominal operations, excluding gastric surgery, performed 


under thiopentone, nitrous oxide and oxygen anzesthesia. 


Interval between return to ward and first 
injection (in hours) 


A > 
(years) 0-2 2-4 46 Over 6 Total 
Below 50 15 15 13 6 49 
(30.6%) (30.6%) (266%) (12.2%) 
50-70 17 12 13 10 52 
(32.7%) (23.1%) (25%) (19.2%) 
Over 70 10 10 4 7 31 
(32.2%) (32.2%) (12.9%) (22.7% 
Total 42 37 30 23 132 
(31.8%) (28%) (22.7% (17.4%) 
x’? = 3.76; n = 6; P>0.70. 


Taste VI 


Influence of anaesthetic agent on number of postoperative 
injections: gastric surgery. 


Number of injections 


Agent Below3 30r4 Over 4 Total 
Nitrous oxide 11 18 1] 40 
(27.5%) (45%) (27.5%) 
Trichloroethylene 11 7 1 19 
(58°%) (36.8%) (5.2%) 
Total 22 25 12 59 
(37.2%) (42.4%) (20.3%) 
7? = 6.54; n = 2; P<0.05. 
With last two columns added, 
3 06; n 1; P<0.05. 
Age distribution: nitrous oxide, 48.8°, below 50; 


trichloroethylene 42.1°, below 50. 


Taste Vil 


Influence of anaesthetic agent on timing of first 
postoperative injection: gastric surgery. 


Interval between return to 
ward and first injection 


(in hours) 
Agent 0-3 3-6 Over 6 Total 
Nitrous oxide 26 13 4 43 
(60.5%) (30.2%) (9.3%) 
Ether and 11 10 1] 32 
trichloroethylene (34.4%) (31.2%) (34.4%) 
Total 37 23 15 75 
(49.4%) (30.7%) (20°) 
x? = 8.25; n = 2; P<0.02. 
Age distribution: nitrous oxide, 51.2°, below 50; ether 


and trichloroethylene, 50°, below 50. 


Anaesthetic agent. 

Nitrous oxide, ether and trichloroethylene all 
possess analgesic properties but the differences in 
their rate of elimination from the body might be 
expected to influence postoperative pain. With 
trichloroethylene in particular, clinical experience 
and studies of postoperative amnesia (Lambrechts 
and Parkhouse, 1961) suggest that residual drug 
effects may persist for some hours after surgery. 

Some of the cases in this series were anaes- 
thetized with ether-air and trichloroethylene-air 
mixtures using E.M.O. inhalers. Although these 
anaesthetics were few in number it is interesting 
to compare them with thiopentone, nitrous oxide 
and oxygen. 


Gastric surgery. Table VI shows the number of 
postoperative injections given to 40 patients after 
thiopentone, nitrous oxide and oxygen anaesthesia 
and to 19 patients after trichloroethylene-air anaes- 
thesia. The tendency for fewer injections to be 
required after trichloroethylene-air is statistically 
significant. In table VII the timing of the first 
postoperative injection is compared in 43 patients 
who received thiopentone, nitrous oxide and 
oxygen and 32 patients who received ether-air or 
trichloroethylene-air anaesthesia. Again a statisti- 
cally significant difference exists, drugs being 
required earlier after thiopentone, nitrous oxide 
and oxygen. 


Other abdominal operations. Table VIII com- 
pares 132 patients who received thiopentone, 
nitrous oxide and oxygen with 42 patients who 
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TaBLe VIII 


Influence of anaesthetic agent on number of postoperative injections: 
other abdominal operations. 


Number of injections 


Agent 


2 3 


Over Total 


Nitrous oxide 33 
(25%) 


6 
(4.5%) 


Ether 


7 5 8 
(16.7%) (11.9%) (19%) 


37 23 33 132 
(28%) (17.4%) 


(25%) 
16 6 42 
(38.1%) (14.3%) 


Total 


13 38 45 39 39 
(1.5%) (21.8%) (25.9%) (22.3%) (22.3%) 


174 


= 17.68; n = 
Age distribution: RP oxide, 34.1% 


4; P<0.01. 
below 50; ether, 35.9 °, 


below 50. 


received ether-air for intra-abdominal operations 
other than those involving the stomach and duo- 
denum: significantly fewer injections were 
required after ether. It is interesting to note, for 
example, that the 5 patients who required no post- 
operative drugs after cholecystectomy all received 
ether. 

When the timing of the first postoperative 
injection was studied (table [X) there was no 
significant difference between thiopentone, nitrous 
oxide and oxygen, and ether-air anaesthesia. 


TABLE IX 


Influence of anaesthetic agent on timing of first 
postoperative injection: other abdominal operations. 


Interval between return to 
ward and first injection 
(in hours) 


3-6 


Agent 0-3 Over 6 Total 


Nitrous oxide 61 49 23 133 
(45.9%) (36.8%) (17.3%) 


Ether 12 16 10 38 
(31.6%) (42.1%) (26.3%) 


Total a: 65 33 171 
(42.6%) (38.1%) (19.4%) 
x* = 2.85; n = 2; P>0.20. 


Age distribution: eT oxide, r 4% below 50; ether, 
4 below 5 


Other factors. 

Other factors, not readily amenable to statisti- 
cal treatment, may undoubtedly modify the 
severity of postoperative pain. Among these factors 


may be mentioned the type of incision (for 
example, in abdominal surgery: vertical, trans- 
verse or subcostal), the gentleness with which the 
tissues are handled at operation and, in a general 
sense, the psychology of the patient, including his 
racial characteristics. In the present study it did 
not seem that differences in the type of incision 
or in the gentleness of handling had much influ- 
ence on postoperative pain, although a very large 
and very rigidly controlled series of cases would 
be needed to provide conclusive evidence. 

With regard to psychological factors, it was very 
obvious that patients varied tremendously in their 
attitude to postoperative pain. This observation 
accords with common clinical experience: it is a 
factor of paramount importance which will be 
referred to in the concluding section of this article. 


DISCUSSION 


Pain may be measured in many ways, both experi- 
mentally and clinically (Beecher, 1957). Further- 
more, postoperative pains and discomforts may 
originate in a variety of ways and the indications 
for drug therapy are by no means standardized. 
In the present study postoperative pain was 
assessed merely in terms of the patient’s supposed 
need for the conventionally used analgesics. No 
attempt was made to define any indications 
other than the judgment of the nursing staff that 
a drug should be given. In this way it was hoped 
to present a picture of an existing hospital situa- 
tion without in any way altering the situation 
during the course of the study. 

There is general agreement that, of all kinds 
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of surgical intervention, operations in the upper 
abdomen are the most painful and distressing to 
the patient and the reasons for this will be 
discussed elsewhere (Simpson et al., 1961). After 
other forms of surgery the need for analgesic drugs 
is often much less than is popularly supposed. 

It is often believed that women withstand pain 
better than men, although Sherman (1943) and 
Wilder (1940) reached the opposite conclusion. 
In the present series of patients there was no 
significant difference between the sexes. Old 
people are generally thought to be relatively 
tolerant of pain and in the present study it was 
possible to demonstrate a difference in the number 
of injections required after abdominal surgery 
when patients below the age of 50 were compared 
with those above this age. There was considerably 
less age difference, however, in the interval of time 
between the end of the operation and the need 
for a first injection: this suggests that the post- 
operative drug requirements of old people are 
probably not much influenced by “hangover” 
effects of the general anaesthesia. 

Although nitrous oxide is rapidly eliminated 
from the body it has recently been suggested that 
it may influence postoperative pain, and that the 
preliminary use of thiopentone may exert an 
anti-analgesic effect (Clutton-Brock, 1960). Even 
some drugs used in premedication (for example, 
promethazine) may apparently increase sensitivity 
to pain (Moore and Dundee, 1961). In the present 
series, patients were fairly evenly distributed with 
regard to premedication and all the cases anaes- 
thetized with nitrous oxide and oxygen received 
a sleep dose of thiopentone. Whatever effect 
premedication, thiopentone or nitrous oxide may 
have in the postoperative period would certainly 
appear to be less than that of ether or trichloro- 
ethylene. It should be emphasized that in the cases 
referred to above the use of ether-air or trichloro- 
ethylene-air mixtures does not imply deep anaes- 
thesia: these volatile agents were used with the 
muscle relaxants to maintain light anaesthesia from 
which recovery of consciousness was rapid. 


CONCLUSION 


Unless the natural history of postoperative pain 
is understood, large numbers of patients receive 
unnecessary drugs while others develop compli- 
cations because drugs are withheld; proper evalu- 
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ation of new methods of treatment is impossible 
and a state of muddle-headed complacency is 
inevitable. Bonica (1953) pointed out the grave 
danger of this complacency, a danger that it would 
be hard to exaggerate. The anaesthetist and the 
surgeon may pride themselves that they are not 
feared by the patient as in former years; but 
everyone fears pain, and dread of the postopera- 
tive period should not be allowed to deter any 
patient from seeking medical help until too late. 
In recent years much emphasis has rightly been 
placed on the mental aspects of pain—the patient’s 
reaction to the situation as a whole rather than 
the mere anatomy and physiology of perception; 
in the technique of postoperative management 
many lessons are to be learned from this concept. 
This is not to say that local and systemic anal- 
gesics have no value: however effective the 
psychotherapy of nurses and physicians may be, 
the additional benefits of drug-induced analgesia 
are beyond question and this is never more clearly 
demonstrated than by means of postoperative 
extradural blockade (Simpson et al., 1961). But 
the routine prescribing of drugs will not do. It 
is clear even from the present small series of 
cases that in any group of patients there is wide 
variation in the therapeutic need. On this need, 
which reflects the total experience of pain, most 
measurable physical characteristics have little or 
no influence, for it is not in their anatomy and 
physiology that patients differ, but in their mental 
characteristics. It is as individuals that patients 
come to us with their dreads and their discom- 
forts, and as individuals they must be treated. 
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BOOK REVIEW 


Hypothermia for the Neurosurgical Patient. By Antonio 
Boba (Albany Medical College, N.Y.). Published 
by Charles C. Thomas, Springfield, Illinois, and 
in the British Commonwealth by Blackwell 
Scientific Publications Ltd., Oxford. Pp. vii + 
124. Price £2 2s. 

This is a peculiar and in many ways a disappointing 


little monograph. It is divided into three chapters and 


is profusely illustrated with forty-nine figures and 
four tables. The bibliography of 110 references seems 
a little inadequate for this subject and by deducting 
the duplicated references (and one “in press”) this 
total is reduced to ninety-four. Only ten of these appear 
to be of non-American origin and this bias is clearly 
reflected in the author’s technique of anaesthesia. 
The first chapter opens with some valuable basic 
data on the nature and objects of hypothermia and 
goes on to discuss its effects on the various body 
systems. Undue emphasis appears to be placed on 
electrolyte changes while less than four pages are 
devoted to its action on the centrai nervous system. 
Practical considerations are dealt with in chapter 
two and this contains many statements with which the 
reviewer and others would not agree. The author 
advises against the use of any pre-anaesthetic medica- 
tion without giving any reasons in support of his 
viewpoint. Ether-oxygen anaesthesia is recommended 
as ideal, yet cyclopropane is banned because of the 
explosion hazard; halothane is dismissed in one short 
paragraph on very unconvincing and incomplete evi- 
dence of its myocardial toxicity, and trichloroethylene 
is not even mentioned. While the effect of hypothermia 
on drug detoxication is discussed at length and stressed 
as being of clinical importance, large doses of thio- 
pentone are recommended. It is surprising to find no 


mention of the inaccuracy of the rectal temperature 
as the sole guide to the depth of hypothermia and to 
note the importance placed on the value of e.c.g. 
in detecting shivering. This seems at variance with the 
baffling statement on page 62 that “in most sophisti- 
cated cases the electrocardiograph and electroenceph- 
alogram are also recorded.” A detailed description 
of the management of acid-base and electrolyte 
changes and the dangers of transfusion of citrated 
blood is probably the best feature of this section. 

Apart from a brief description of the types of 
neurosurgical cases which are benefited by hypothermia 
the last chapter, of thirty pages, describes “how [ 
do it”. This approach is excellent for a publication 
in a specialized journal but one would expect alter- 
native techniques to be discussed in a book. Twelve 
pages of this chapter are devoted to the presentation 
of six most interesting ilfustrative cases and this is 
followed by a list of thirty-nine steps to be followed 
in the management of hypothermia for neurosurgery 
Ignoring practical points with which one might dis- 
agree, the value of this approach to teaching is very 
much open to criticism. 

Therapeutic hypothermia is not mentioned. Mono- 
graphs on anaesthetic and para-anaesthetic topics are 
appearing in great numbers and with such frequency 
that they cannot all be read by every anaesthetist. 
Selection will be somewhat guided by the cost of the 
book and for 42s. readers in general might expect 
more than is offered in Dr. Boba’s monograph. Those 
who specialize in this branch of anaesthesia will un- 
doubtedly learn much from it, particularly in relation 
to blood and electrolyte changes. 

John W. Dundee 
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ANAESTHETIC EXPERIENCES IN 1,300 MAJOR GERIATRIC OPERATIONS 


BY 


Davip L. Scott* 
St. Helens and South Liverpool Hospital Group, England 


GERIATRIC anaesthesia presents problems that con- 
cern all anaesthetists. Not only is the average age 
of the population steadily rising but advances in 
surgical and anaesthetic techniques as well as in 
pre- and postoperative care mean better chances 
of survival for each individual who can, and often 
does, return at a later date for yet another opera- 
tion. 

Since 1955 at least forty articles on geriatric 
anaesthesia and associated problems have appeared 
in the literature. Fifteen of these have been written 
in English and the others in European languages, 
mostly German and Italian. Fourteen of the fifteen 
English articles have originated from North 
America. To the best of the writer’s knowledge 
this leaves Bedford’s (1955) contribution as one of 
the last important articles on this subject appear- 
ing in a British journal. 

That alone would seem sufficient reason to 
present this series. The fact that the work is a 
combination of Continental surgery and British 
anaesthetic methods may add to its interest. Before 
describing the series in detail, a brief survey of 
the American contribution is given. 

These articles generally give authors’ opinions 
on geriatric anaesthesia but do not usually support 
them with the results of series. However, 
Corssen (1955) describes a large series of 5,450 
patients aged 60 years or more who were operated 
on during a twelve-year period. Seventy per cent 
of the operations were in the fields of general 
and genito-urinary surgery. In certain respects 
there are considerable differences between Cors- 
sen’s series and that of the present author. The 
average duration of the operations was 88 minutes 
and 7.7 per cent of these lasted more than 3 hours. 
Also his series included minor surgery. Further, 
the anaesthetic techniques used included cyclo- 


*Formerly at County Hospital, Sundsvall, Sweden. 


propane (alone or in combination with ether) in 
over one-half of the cases, whereas this agent was 
not used once in the series under review. 

Cyclopropane seems to be a popular drug for 
geriatric anaesthesia in the United States and 
Adriani (1957) recommends it in the absence of 
cardiovascular disease. He writes that it may be 
combined with ether to a double advantage: 
(1) cardiac disturbances, even in those who have 
diseased hearts, disappear as soon as ether is 
added; (2) ether reflexly stimulates ventilation, 
thus averting the respiratory depression which is 
typical of cyclopropane anaesthesia. It is inter- 
esting to note in Corssen’s series that of 2,698 
cyclopropane administrations, 93 patients went 
into circulatory failure or shock immediately after 
completion of the operation or on return to the 
ward. 

Spinal analgesia is recommended by nearly all 
authors with a suggested height limit of the tenth 
thoracic segment. The large proportion of genito- 
urinary cases probably accounts for this recom- 
mendation. Local analgesia is also suggested, but 
Adriani warns against overdosage of local anal- 
gesic drugs in an endeavour to avoid general 
anaesthesia. 

The status of the muscle relaxants seems to be 
suffering from the effects of Beecher and Todd’s 
now well-known article on anaesthetic deaths, 
published in July 1954, just before the commence- 
ment of this review period. Papper (1956) states 
that the dosage of muscle relaxants should be con- 
servative and that spontaneous respiration should 
be preserved if possible. He states that these 
drugs are “not so valuable” in these cases, which 
view is echoed in the writing of several authors. 

Of the many views expressed, three have been 
selected to conclude this brief survey of the 
American viewpoint of geriatric anaesthesia during 
the period 1955-60. 
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Ausherman (1957) considers that two points will 
lead to firmer grounds upon which to advise 
surgery in the elderly: (1) assuming surgery is 
successful, what will be the life expectancy?; (2) 
if untreated, what will be the expectancy, and 
what suffering will the patient undergo? American 
statistics show that on an average an 80-year-old 
man has 6 years expectancy and a 90-year-old 3 
years! (Ziffren, 1960.) 

Dodd (1955) suggests that, as autopsies on 
geriatric patients so often reveal changes in the 
heart (such as coronary sclerosis and myocardial 
fibrosis), these patients should be managed in the 
same way as those with known cardiac disease. He 
recommends that patients who have even had just 
one episode of “heart failure” should be digitalized 
and that a routine electrocardiographic examina- 
tion should be made in all patients over 45 years 
old upon whom major surgery is planned. 

Wyant, Dobkin and Kilduff (1956) conclude a 
description of a series of 300 patients by stressing 
that it is frequently necessary, when working with 
aged poor risk patients, for the anaesthetist and 
the surgeon to strike a compromise; the latter may 
thus have to accept less than perfect operating 
conditions for the good of the patient. 

Apart from the articles on geriatric anaesthesia 
and associated problems referred to above, the 
following authors have written in the English 
language since 1955: Adriani (1956), Ausherman 
(1957), Barbour (1957), Danielson and Converse 
(1959), Dobson and Haugen (1955), Greisheimer 
(1959), Stephen (1957), Wasmuth and Higgins 
(1955). 


THE PRESENT SERIES 

During the eight-year period (1952-59) 1,300 
consecutive major operations have been performed 
on old people in the general operating theatres at 
the County Hospital, Sundsvall, Sweden. The 
series consists of 1,171 patients aged 70 years or 
more at the time of operation, who underwent a 
total of 1,300 major operations in the general 
operating theatre (table I). There were 665 men 
(56.8 per cent) having an average age of 75.34 
years; the oldest man was 94 years old. There 
were 506 women (43.2 per cent) having an average 
age of 75.1 years; the oldest woman was 93 years 
old. 

Table II gives further details of the age and 
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TABLE I 


Showing the numbers of patients in the total series and the 
frequency of multiple operations. 


Number of Number of 
patients operations each 


Total 
operations 


sex distribution. It is seen that 217 operations 
were performed on persons aged 80 or more. Table 
III shows the annual incidence, which has nearly 
doubled, although the total number of all opera- 
tions performed in the general theatres each year 
has only varied, without increasing. In 1952 there 
were 125 major operations performed on patients 
over 70 years, whereas by 1959 the figure had risen 
to 241. 
Operations performed 

These are listed in table IV. The high incidence 
of gall bladder disease is seen. This is typical for 
all Sweden and affects people of all ages. The icy 
pavements during long winters account for the 
high total of fractured legs. Only operations for 
open reduction of fractures have been included 
in the series. 

The chief surgeon performed about 35 per cent 
of all these operations and the assistant chief 
surgeons performed about 30 per cent, thus 
leaving 35 per cent of operations to be performed 
by surgeons of registrar status—many of these 
being for acute appendicitis and fractures. 

Minor operations (such as for uncomplicated 
hernia, vasectomy, biopsies, removal of ortho- 
paedic pins) were often performed under local 
analgesia and they have not been included in this 
series. 

Anaesthetic techniques and drugs used. 


A Boyle’s apparatus modified for use with Swedish 
gas cylinders, and fitted with an Aga Spiropul- 
sator was used. When muscle relaxants were used, 
respiration was nearly always controlled (as 
opposed to assisted). When depolarizing relaxants 
were used, then manual control of respiration, 
using a Waters to-and-fro single phase system, 
was the rule. Nearly all patients undergoing 
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TABLE Il 
Age and sex distribution of operations. 
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Male Female Both sexes 
Age in years Number Per cent Number Per cent Number Per cent 
70-74 380 29.2 306 23.6 686 52.8 
237 ‘ 


90 and over 


Totals 


Taste Ill 
Annual incidence of operations. 

Year Total Deaths Per cent 
1952 125 17 13.6 
1953 154 21 13.6 
1954 123 13 10.6 
1955 110 13 11.8 
1956 148 26 17.6 
1957 165 27 16.4 
1958 234 25 10.7 
1959 241 38 15.8 

1300 180 13.8 


abdominal surgery were intubated. In other 
patients intubation was carried out when neces- 


Of the local analgesic drugs, procaine was used 
especially during the earlier years and for the pre- 
sacral (parasacral) analgesia used for prostatec- 
tomies. More recently lignocaine and carbocaine 


have been used. 


TABLE IV 
Operations performed. 


For subarachnoid spinal analgesia, hypobaric 
cinchocaine given by Sebrecht’s technique was 
used by the surgeons in the earlier years of this 
series. The author used hyperbaric amethocaine 
(Tetracaine). 

Open ether, given by sisters trained in anaes- 
thesia, was used mainly for acute appendicitis 
cases. Many hospitals in north Sweden still lack 
an anaesthetist and, as the junior doctors are 
generally not versed in anaesthetic methods, these 
hospitals are utterly dependent on sisters for their 
anaesthetic service. It is thus essential for the 
sisters to get practical experience at this training 
centre in Sundsvall and this includes anaesthe- 
tizing healthy geriatric patients for appendicec- 
tomy. They meet similar cases when working alone 
at other hospitals. 

The drugs used for premedication were mor- 
phine or pethidine in small doses, together with 
atropine. Another commonly used premedication 
was promethazine (usually 25 mg) and atropine. 


Operations Number Operations 

Cholecystectomy 117 Nephrectomy, nephrolithotomy 13 
Bile duct exploration + cholecystectomy 86 Cancer and papilloma of bladder 15 
Cholecystoduodenostomy 15 Suprapubic lithotomy 8 
Gastrectomy 75 Mesenteric thrombosis 9 
Perforated ulcer—oversewing 5 Mastectomy 45 
Gastroenterostomy, gastrostomy 18 Thyroidectomy 14 
Colon surgery 21 Incisional hernia 13 
Abdominoperineal resection of rectum 15 Strangulated hernia 34 
Appendicectomy 92 Burst abdomen 6 
Laparotomy (non-obstructed) 78 Amputations and re-amputations of leg 55 
Laparotomy (obstructed) 31 Fractured neck of femur 155 
Prostatectomy 267 Other fractures (open reduction) 51 

26 Other operations 36 


Transurethral electro-resection of prostate 


80-84 99 7.6 59 4.5 158 12.1 ee 
85-89 24 1.9 21 1.6 45 3.5 Bcc 
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Atropine alone was given to bad risk patients, 
and hyoscine has never been used in this age 
group. 

The local, presacral and hypobaric spinal pro- 
cedures were carried out by the surgeons. As the 
author was single-handed during most of the 
period under review, he personally performed 
nearly all the remaining anaesthetics and other 
techniques. Anaesthetic sisters trained by him were 
responsible for the open ether anaesthetics, usually 
given to simple emergencies. These sisters also 
rendered valuable service when either two such 
geriatric patients were operated on simultaneously 
or when special anaesthetic problems occurring in 
the hospital demanded the author’s presence in 
other theatres or departments. It will be seen (table 
IV) that gynaecological and ear, nose and throat 
operations have been excluded from this series. 
Pressure of work in the general operating theatres 
definitely limited the author’s attendance in other 
departments. 

The agents and methods are summarized in 
table V. The word “extra” covers the use of small 
doses of pethidine or promethazine, or even a 
full light general anaesthetic. In the case of the 
group, local with “extra”, it was often a planned 
technique. 


Pre-operative complications. 


These are listed in table VI and are given in order 
of their frequency of occurrence. Hypertension has 
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been recorded when the systolic blood pressure was 
180 mm Hg or more and this occurred in 25 per 
cent of all patients. By anaemia is meant a Hb of 
70 per cent (Haldane) or less at the last examina- 
tion before operation. Many of the cardiac diag- 
noses have been based on e.c.g. records, as have 
many of the pulse irregularities. 

These 1,875 complications occurred in 970 
patients which leaves a total of 201 individuals 
without recorded pre-operative complications. 
This total of complications would certainly have 
been more if full investigations had been carried 
out on, for example, many patients who were 
operated on for acute appendicitis and fractures. 
For the same reasons the total of 201 patients 
without recorded pre-operative complications 
would certainly have been lower. However, this 
total does represent the relatively fit patients over 
70 years 

The high incidence of emphysema (155 
patients: 134 men and 21 women) as opposed to 
emphysema and bronchitis (16 patients: 13 men 
and 3 women) is interesting and unlike English 
conditions. The dry, cold climate must surely 
play a part. Five of the patients with central 
nervous system disease were actually suffering 
from Parkinson’s disease. 


Mortality 


By mortality is meant death occurring before the 
patient had left the hospital regardless of how 


TABLE V 
Agents and techniques used. 


Method Total Per cent 


Method Total Per cent 


Drop ether or nitrous oxide with 56 4.3 
oxygen and ether 
Thiopentone, nitrous oxide with 
oxygen 
Thiopentone, nitrous oxide with 16 1.2 
oxygen and ether 
Thiopentone, nitrous oxide with 84 
oxygen and trichloroethylene 
Thiopentone, nitrous oxide with 45 3S 
oxygen and halothane 
Thiopentone, nitrous oxide with 
oxygen and halothane and 
suxamethonium 
Thiopentone, nitrous oxide with — 
oxygen, with or without pethidine 
and galiamine 
d-tubocurarine 
suxamethonium 


109 8.4 


6.5 


Presacral 161 12. 
Presacral with “extra” 5 

Local only 

Local with “extra” 

Hypobaric spinal 

Hyperbaric spinal 

Spinal with “extra” 

Refrigeration analgesia 


Brachial plexus block 
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Distribution of pre-operative complications. 


Taste VI 


Distribution Complications present 
of complications _in 180 deceased patients 
Total in series Deaths Percentage 
incidence 
Per cent of Per cent of _— of death 
Pre-operative complications total total for each 
in 970 patients Number complications Number deaths complication 
Hypertension 472 25.19 72 18.71 15.25 
Emphysema 155 8.27 26 6.75 16.8 
Wasting 119 6.35 22 5.71 18.5 
Obesity 109 5.82 22 5.71 20.2 
Arteriosclerosis 108 5.76 30 7.8 27.8 
Fibrillation 102 5.44 24 6.23 23.5 
Myocarditis 92 4.91 18 4.67 19.6 
Anaemia 92 4.91 22 5.71 23.9 
Coronary insufficiency 81 4.32 15 3.9 18.5 
Diabetes 70 3.74 8 2.08 11.4 
Cardiac decompensation 69 3.68 21 5.45 30.4 
Jaundice 63 3.36 13 3.38 20.6 
Senile (also mental) 62 3.31 18 4.67 29.0 
Coronary sclerosis 59 3.15 24 6.23 40.7 
Heart block 35 1.87 4 1.04 11.4 
Extrasystoles 34 1.81 7 1.82 20.6 
Bronchitis 30 1.60 6 1.56 20.0 
Shock and/or haemorrhage 18 0.96 8 2.08 44.4 
Previous corgnary occlusion 18 0.96 5 1.3 27.7 
Chronic bronchitis + emphysema 16 0.85 -- — 
Angina pectoris 15 0.80 ] 0.26 6.6 
Dehydration 14 0.75 9 2.34 64.3 
Central nervous system disease 7 0.37 3 0.78 42.9 
Genito-urinary disease 6 0.32 - -- _ 
Bronchiectasis 6 0.32 3 0.78 50.0 
Previous pulmonary tbc. 6 0.32 — -- -- 
Asthma 5 0.26 — — 
Bronchopneumonia 4 0.20 | 0.26 25.0 
Concussion 4 0.20 1 0.26 25.0 
Thrombocytopenia 2 0.10 -- - — 
Silicosis 1 0.05 1 0.26 100.0 
1 0.05 1 0.26 100.0 


Endocarditis 


Totals 


Taste VII 
Causes of 180 deaths in 1,171 patients. 


Cause of death 


Heart failure 
Pneumonia 
Uraemia 
Acute pulmonary oedema 
Pulmonary embolus 
Coronary occlusion 

Shock and/or haemorrhage 
Carcinomatosis 
Mesenteric thrombosis 
Cardiovascular accident 
Peritonitis 
Miscellaneous 


Totals 


Per cent 


On 
operation 
day 


6 


4-6 | 7-14 
days | days 
15 7 
6 10 
6 7 
4 4 
3 I 
1 2 

l 

2 
1 

2 
3 
4 


Time of death 


15-21 
days 


22-28} 28 
days | days 
l 
2 5 

2 
3 


Totals 


Per cent 


| 
a 
1875 100.00 385 100.00 
7: 
| | Over i 
| 13 | | 
| 37 20.6 
18 10.0 es, 
| 14 7.8 ax 
2 Ee. 5.0 
3 8 4.4 
6 3.3 
| | 6 3.3 
3 12 6.7 
— 14 46 | 44 | 35 | 22 5 | 14 180 100.0 Bb: 
— 7.8 | 25.6] 24.4] 19.4| 122] 28] 78] — 100.0 


ANAESTHETIC EXPERIENCES IN 1,300 MAJOR GERIATRIC OPERATIONS 


long it occurred after operation. There were 180 
such deaths, which gives a mortality of 13.8 per 
cent. Fifteen patients were moribund on arrival 
at the operating theatre and all except one died. 

Table VII shows both the cause as well as the 

times of these deaths. Fourteen (7.8 per cent) 
died on the day of operation. One death occurred 
on the operation table: 
Case 76. A woman aged 73 was being operated upon 
under general anaesthesia for a fractured neck of 
femur. Autopsy revealed a ruptured aneurysm of the 
Circle of Willis. 

Acute heart failure accounted for 6 deaths on 
the day of operation. During the first 6 post- 
operative days, 104 patients died, which is 57.8 
per cent of all the deaths. 

The question of mortality in this age group is 
especially important because in the case of the 
poorer risk the possible outcome sometimes has 
to be balanced against the expected period of 
survival if surgery is avoided. Ausherman (1955) 
mentioned this, as stated above. Such a study can 
help when estimating a rough prognosis of out- 
come and also indicates when especial care is 
required. The effects of different factors on the 
mortality are now considered. 


Sex of the patient. 

Table VIII shows that the operative mortality 
for women (15.2 per cent) was somewhat higher 
than for men (12.9 per cent). This is contrary to 
the usual finding that women withstand surgery 
better than men (Gordh, 1950); it is so in spite 
of the female group being smaller, and having a 
younger average age and including 44 mastec- 
tomies which were performed without mortality 
(one mastectomy was performed on a man). The 
male results were certainly improved by the group 
of 293 prostatectomies which were performed 
with 22 deaths (7.5 per cent mortality, which is 
well below the average for the series). 


VIII 


Division of operations and deaths according to the sex of 
the patients. 


Operative 
mortality 
per cent 
12.9 


15.2 


Patients Operations Deaths 


665 746 96 
506 54 84 


Male 


Female 


359 


Effect of age. 

The mortality rate increased with advancing 
age. Thus, there were 137 deaths in 1,083 
operations performed on patients aged 70 to 79 
(12.6 per cent operative mortality) but 43 deaths 
occurred among the remaining 217 operations on 
patients aged 80 and over (19.8 per cent operative 
mortality). At the age of 90 and over (14 opera- 
tions on 13 patients) there were 3 deaths (21.5 
per cent operative mortality). 


Absence of pre-operative complications. 

The division of the material into those patients 
with and without recorded pre-operative compli- 
cations gave the following results: of 970 patients 
with 1,875 pre-operative complications, 167 died 
(a patient mortality of 17.2 per cent), whereas 13 
of the 201 “fit” patients over 70 years died (a 
patient mortality of 6.5 per cent). 


Deaths in relation to pre-operative complications. 
Table VI gives details of 32 pre-operative com- 
plications. Others, occurring infrequently and 
and having no bearing on mortality (such as 
rheumatoid arthritis), have not been recorded. 
Of these complications occurring ten or more 
times in the entire series and having a high per- 
centage incidence in those who died (see last 
column in table VI), the following are the most 
serious (“worst” given first): dehydration, shock 
and/or haemorrhage; coronary sclerosis, cardiac 
decompensation, senility, arteriosclerosis, previous 
coronary occlusion. Dehydration, shock and 
haemorrhage form a group quite naturally and 
the results show that adequate pre-operative fluid 
therapy is especially essential in these cases. 
Barbour (1957) discusses the problem of fluid 
replacement therapy in geriatric practice. He 
stresses the dangers of overtransfusion with 
whole blood in patients with compensated anaemia 
due to haemorrhage, especially in the presence of 
myocardial insufficiency. Transfusion with whole 
blood under these circumstances can be dangerous 
in old people, and may have a fatal outcome, as 
illustrated by the following two case reports. 
Case 996. Male aged 83. Emphysematous, obese and 
having myocardial insufficiency, Suprapubic pros- 
tatectomy carried out under general anaesthesia using 


d-tubocurarine, Postoperative haemorrhage occurred 
necessitating the evacuation of clots from the bladder 
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TABLe IX 


Deaths in relation to operation performed. 
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Per cent of Per cent of 


Deaths 


Total 
Operation operations Number type total series 

Cholecystectomy 117 17 14.5 1.31 
Bile duct exploration + cholecystectomy 86 14 16.8 1.08 
Cholecystoduodenostomy 15 3 20.0 0.23 
Gastrectomy 75 15 20.0 1.15 
Perforated ulcer—oversewing 5 2 40.0 0.15 
Gastroenterostomy, gastrostomy 18 4 22.2 0.31 
Colon surgery 21 6 28.6 0.46 
Abdominoperineal resection 15 7 46.7 0.54 
Appendicectomy 92 4 4.3 0.31 
Laparotomy (non-obstructed) 78 10 12.8 0.77 
“Laparotomy (obstructed) 31 16 51.6 1.23 
Prostatectomy 267 21 7.9 1.61 
Electroresection of prostate 26 l 3.8 0.08 
Nephrectomy, nephrolithotomy 13 3 23.1 0.23 
Cancer and papilloma of bladder 15 1 6.6 0.08 
Mesenteric thrombosis 9 8 88.9 0.62 
Thyroidectomy 14 1 7.1 0.08 
Strangulated hernia 34 6 17.6 0.46 
Burst abdomen 6 2 33.3 0.15 
Amputation leg 55 6 10.1 0.46 
Fractured neck of femur 155 23 14.8 1.77 
Other fractures (open reduction) 51 6 11.8 0.46 
Other operations 36 4 11.1 0.31 
Totals 1234 180 


TABLE X 


Deaths in relation to anaesthetic agents and techniques. 


Number 
Number Per cent 


Deaths 


Agent and technique of cases 
Drop ether or nitrous oxide with oxygen and ether 56 1 1.8 
Thiopentone, nitrous oxide with oxygen 109 12 11.0 
Thiopentone, nitrous oxide with oxygen and ether 16 3 18.7 
Thiopentone, nitrous oxide with oxygen and 
trichloroethylene 8&4 7 8.3 
Thiopentone, nitrous oxide with oxygen and 
halothane (all) 59 5 8.4 
Thiopentone, nitrous oxide with oxygen, with or 
without pethidine and gallamine 155 25 16.1 
d-tubocurarine 303 54 17.8 
suxamethonium 118 18 15.2 
Presacral (all) 166 12 ye 
Local only 94 15 16.0 
Local with “extra” 52 15 28.8 
Spinal (all) 79 ) 11.4 
8 50.0 


Refrigeration analgesia 
Brachial plexus block 
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2 days later (general anaesthesia using suxametho- 
l. of whole blood postopera- 


nium). He was given 4 
tively but died after 5 more days. Postmortem 


examination revealed pulmonary oedema. 


Case 1256. Male aged 85, with bleeding gastric ulcer. 
Pre-operative haemoglobin varied between 30 and 38 
per cent (myocardial damage was presumed from 
anaemic anoxia), Transfused pre- and postoperatively 
with whole blood; a total of over 4 |. Gastrectomy 
was performed under general anaesthesia using 
d-tubocurarine, He died 4 days after operation; autopsy 
revealed pulmonary oedema. (Note: although pul- 
monary oedema is recorded as a cause of death in 14 
patients (table VII) these are the only two patients in 
which it was associated with overtransfusion. In the 
others it was often associated with heart failure.) 


Barbour stresses the value of giving packed red 
cells (or a suspension of them in saline or glucose) 
instead of whole blood to such patients. This will 
greatly diminish the risks of congestive heart 
failure and pulmonary oedema. Further, whole 
blood is more viscous and this can have an 
adverse effect on a diseased myocardium. Packed 
cells have not been used nearly often enough in 
this series. A marked and persistent fall in blood 
pressure following thiopentone can be a sign of 
deficient blood volume, seen especially in patients 
suffering from malnutrition, chronic infection, 
gastro-intestinal carcinoma and metastatic disease. 
Co-existent myocardial damage leads to a danger- 
ous combination and extreme care should be 
taken when administering thiopentone to such 
people. 

The treatment of dehydration depends on the 
cause. Generally a mixture of one part of normal 
saline and four parts of 5 per cent glucose can 
be used. The avoidance of too early surgery in 
dehydrated patients is emphasized. In this series 
9 out of 14 patients (64 per cent) suffering from 
dehydration died, 4 dying from uraemia. Each 
had a difficult postoperative course. 

Senile patients are difficult to nurse and cannot 
co-operate. They may either lie immobile or be 
continually getting out of bed. The fact that 6 
out of 18 deaths in these patients were from pul- 
monary complications may be due partly to the 
difficulty of carrying out postoperative respiratory 
exercises in such patients. 

This leaves the three types of heart disease: 
coronary sclerosis, cardiac decompensation and 
previous coronary occlusion. 

As heart failure has been the largest single 
cause of death (42 patients; vide table VII), an 
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attempt has been made to find out if patients 
who have pre-operative cardiac complications 
actually die from heart failure (table XII). It is 
seen that with the exception of these same three 
diseases, pre-operative cardiac complications did 
not seem to predispose particularly to death from 
heart failure. 

Table XII shows that cardiac failure featured 
in the cause of death in 9 out of 21 cases having 
cardiac decompensation, 11 out of 24 cases of 
coronary sclerosis, and 3 out of 5 cases with 
previous coronary occlusion. 

Thus in two quite different ways in this series 
these three heart diseases have shown themselves 
to have a graver prognosis than other cardiac 
complications. Heart block and angina pectoris 
were not associated with high mortality rates; thus 
of a combined total of 50 patients presenting these 
symptoms before operation (table VI) only 1 death 
occurred from heart failure. It is also interesting 
to note that in 10 patients in whom the heart 
was pronounced as healthy death occurred from 
heart failure but it must be recorded that in 2 of 
these 10 patients the failure was connected with 
shock and haemorrhage. 

The low mortality for 70 diabetic patients is 
noted; only 8 died. 


Deaths in relation to operation performed. 

Table IX gives details of this. The operations 
not followed by any deaths were: suprapubic 
lithotomy (8 patients), mastectomy (45 patients), 
and incisional hernia (13 patients). 

It is seen that the patients operated on for 
mesenteric thrombosis had the highest mortality; 
only 1 patient out of 9 survived. 


Case 960. A male aged 86, was admitted as an ileus. 
He had no recorded pre-operative complication. Ligno- 
caine was infiltrated along the line of incision and he 
was given a light general anaesthetic (nitrous oxide, 
oxygen, pethidine with promethazine). Laparotomy 
revealed a venous mesenteric thrombosis. No opera- 
tive procedure was carried out and the abdomen was 
closed. He was discharged after 34 weeks. 


The anaesthetic technique adopted in case 
960 is typical of that used in very poor risk 
patients. Thiopentone is avoided if possible. It is 
easily carried out and does not require the skill 
necessary to perform a field block. 

The next highest mortality was in the laparo- 
tomy group when the condition was an intestinal 
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obstruction (ileus). The immediate mortality in 
these cases was four times as high as that in the 
non-obstructed laparotomy group. This latter 
group included many inoperable cancer cases who 
died later outside the hospital. None of the patients 
in the obstructed laparotomy group died from 
aspiration. 

As can be expected, operations for abdomino- 
perineal resection of rectum, repair of burst 
abdomen and major colon surgery were followed 
by a higher than average mortality. The per- 
forated peptic ulcer cases, however, require 
further explanation. The previous chief surgeon 
in Sundsvall performed primary gastrectomy for 
perforated peptic ulcer as a routine operation in 
all but the worst cases (Richter, 1956). Of 7 
patients suffering from perforated peptic ulcer, 2 
(males aged 73 and 74) underwent primary re- 
section by Dr. Richter and both survived. In the 
other 5 the perforation was oversewn, and 2 of 
these patients died. Oversewing was naturally 
carried out on poorer risks, but it is interesting 
to note that primary gastric resection can be 
successfully carried out on such old patients. In 
his hands this operation rarely took more than 45 
minutes. 

The lower mortality rates deserve attention. 
The lowest rate (3.8 per cent) occurred in the 
group of 26 transurethral diathermic prostate 
resections, all carried out under low spinal anal- 
gesia using hyperbaric amethocaine. The next 
lowest rate was 4.3 per cent mortality for the 
group of 92 cases of appendicectomy. About half 
of these were anaesthetized by the sisters using 
open ether. A mortality of 6.6 per cent for 15 
cases of carcinoma and papilloma of the bladder 
is low but it must be explained that in 13 of 
these cases a method of “electrical and chemical 
fulguration” was carried out. Only 2 had a partial 
cystectomy performed and they survived. 

The overall mortality of 7.9 per cent for 267 
prostatectomies performed under presacral anal- 
gesia and general anaesthesia compares with a 7 
per cent mortality for prostatectomy using 
epidural analgesia quoted by Morris and Candy 
(1957). These authors, however, recognized no 
lower age limit. As the operation for prostatectomy 
formed the largest single group, it is discussed in 
further detail later. 
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Deaths in relation to anaesthetic techmque. 

Table X summarizes these. The striking feature is 
the death rate of 1.8 per cent for a group of 56 ether 
anaesthetics, nearly all of which were administered 
by nursing sisters to acute cases, mostly suffering 
from appendicitis. That these ether anaesthetics 
were administered to the fitter patients generally 
for smaller major operations was probably the 
main reason for this good result. It would seem, 
however, to be a safe agent for relatively inex- 
perienced administrators when faced with geriatric 
patients having to undergo operations not demand- 
ing full abdominal relaxation. The only death in 
this group was a man aged 73 (case 1222) who 
was operated on for an intertrochanteric fracture 
of the femur and died from gas gangrene which 
was confirmed bacteriologically. 

It is also seen that of the three main relaxants 
used, the mortality rate lessened as their 
relaxant time shortened. Suxamethonium iodide 
(Celocurine) was used, and this drug was usually 
given in cases of intestinal obstruction, which 
carried a high mortality. However, mortality in 
these patients was more dependent on the pre- 
operative state and the operation performed than 
upon the specific muscle relaxant used. The 
author believes that for shorter operations (20 
to 30 minutes) requiring deep relaxation the short- 
acting muscle relaxants are better in geriatric 
practice. They allow easier intubation and maxi- 
mum relaxation can be obtained readily at the end 
of an operation. This is especially valuable when, 
for example, replacing the distended intestines of 
a patient with ileus. For longer operations d-tubo- 
curarine would seem a better choice. 

Presacral (parasacral) analgesia combined with 
local infiltration of the lower abdominal wall was 
used solely for prostatectomies and in this group 
the mortality rate was 7.2 per cent in 166 patients. 
The overall mortality for 267 prostatectomies was 
7.9 per cent. 

Local analgesia alone or with additional light 
general anaesthesia was used on the poorest 
risks, hence the higher mortality. Nevertheless 
this method is to be recommended in such cases. 

Refrigeration analgesia was carried out in 8 
patients undergoing thigh amputation. Cracked 
ice and a tourniquet were used, and analgesia was 
complete in all cases. The extremely bad pre- 
operative condition of these patients was the chief 
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indication for this technique, and half of them 
died. Of the remaining 47 leg amputations, most 
of whom were given a general anaesthetic, only 
2 died. 

The details of the 4 deaths occurring after 
refrigeration are given below. They were in worse 
general condition than a written description 
suggests. 


Three of these were diabetic females, aged 70 to 79 
years. All three had heart disease (such as previous 
infarct, decompensation, coronary insufficiency and 
sclerosis). Two had hypertension, One of these women 
died after 2 days with the appearance of postoperative 
shock. The second died after 18 days from broncho- 
pneumonia and the third died after 7 weeks from 
uraemia. The fourth case, a male aged 75 years with 
extreme arteriosclerosis, emphysema and hypertension, 
died from the last of many “heart attacks” occurring 
during a 5-week period after operation. 


There was no evidence to suggest that this 
technique was especially valuable in saving life. 
Halothane has been used for the more recent 
amputations and it seems worth reviewing the 
results of the administration of halothane in this 
series. 

Halothane was administered to 59 patients, 5 
of whom died. It was given for the following 
operations (deaths in parentheses): 


Amputations 7 
Fractures 8 
Prostatectomies 13 
Abdominal operations 16 (5) 
Others 10 
Total 54 (5) 


The abdominal group included appendicecto- 
mies, gastrostomies, colostomies. The “others” 
group included operations for carcinoma of the 
breast, thyroidectomy, and three facial plastic 
operations on a 77-year-old man who had a fistula 
resulting from radiotherapy for a mandibular 


cancer. 
The brief details of the 5 deaths are as follows: 


Two deaths occurred on the 4th day after operation 
from pulmonary embolus. Two patients died from 
carcinomatosis. One had a palliative colostomy per- 
formed for inoperable rectal cancer, The other was a 
man who when aged 70 years underwent a thoraco- 
abdominal gastrectomy and upon whom one year later 
a gastrostomy was performed under halothane anaes- 
thesia. He died of cachexia 18 days after this operation. 
The fifth patient was a male aged 71 years who had 
a nephrectomy for an infected hydronephrosis. His 
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postoperative course was complicated by meteorism, 
vomiting and coma and death finally occurred from 
bilateral bronchopneumonia on the 26th day after 
operation. 


Halothane is discussed further below. 


Deaths in relation to multiple operations. 

From table XI it is seen that the patient mor- 
tality was 15.6 per cent in the group of 1,058 
patients who underwent a single operation. In 
the group of 98 patients who underwent two 
operations the mortality was lower (12.2 per cent). 
The third operation brought about a rise of 21.4 
per cent but this group consisted of only 14 
patients. 


TasLe XI 
Deaths in relation to multiple operations. 


Number of 
cases Deaths Per cent 


1058 165 15.6 
98 12 12.2 
14 3 21.4 


180 15.37 


Number of 
operations 


1171 


The causes of death were quite varied in each 
group. No “immunity” is apparently conferred 
on a patient by the first operation and his survival 
does not prove that he (or his heart or lungs) can 
withstand operation a second time. The risks of 
major surgery have to be faced on each occasion; 
an infarct or pneumonia Can occur at any time. 

In old people there is always an element of 
uncertainty about the result of surgery. This was 
mentioned by Adriani (1957). Operations usually 
performed in two stages can, sometimes with 
advantage to the patient, be performed in one 


stage. 


The patient, who survived four operations, was a 
man aged 70 years in 1957. He had emphysema, 
generalized arteriosclerosis and was described as 
senile. He had a two-stage abdominoperineal excision 
of the rectum performed when he was 70, followed 
by a prostatectomy the year after, and repair of an 
incisional hernia when he was 73 years old. This 
healed satisfactorily in spite of the risk of infection 
from his colostomy. 


Re-amputation accounted for several of the 
instances in which second and third operations 
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TABLE 


XI 


Causes of death in patients having pre-operative cardiac signs and symptoms. 
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Total 

patients dying Deaths 

having each from 

complication cardiac 

(see table V1) failure 
Total deaths in each group 33° 
Hypertension 72 19 
Arteriosclerosis 30 5 
Fibrillation 24 6 
Myocarditis 18 4 
Coronary insufficiency 15 3 
Cardiac decompensation 21 4 
Coronary sclerosis 24 10 
Heart block 4 
Extrasystoles 7 3 
Previous coronary occlusion 5 2 
Angina pectoris 


Deaths from 
other causes in 
which cardiac Deaths Deaths 
failure could from from 
have non-cardiac coronary 
played a part causes occlusion 
8 80 7* 
2 48 3 
- 24 1 
4 14 
— 12 2 
1 9 2 
5 12 
12 
. 4 
4 
2 


these totals to 42 and 9 respectively (see table VII). 


were performed. This is the subject of the next 
comment. 

Of a total of 55 leg amputations (generally for 
diabetic and/or arteriosclerotic gangrene), 34 were 
performed primarily through the thigh. Of 15 
performed below the knee, 6 (nearly a half) re- 
quired re-amputation. These 6 operations were 
performed without mortality. However, they 
involved unnecessary risks and emphasize the 
importance of a radical approach to surgical treat- 
ment in this condition and of not being influenced 
by the patient who naturally pleads to have as 
much limb conserved as possible. 


MISCELLANEOUS SPECIAL ASPECTS 
It has been felt better to group certain subjects 


* Ten deaths from cardiac failure and two from coronary occlusion had no previous abnormal findings. This brings 


TaBLe XIII 


and to discuss them under their respective head- 
ings. 


Prostatectomy results. 

The total of 293 prostatic operations is described 
in more detail. Changes in the surgical staff 
during the past 2 years have led to the intro- 
duction of the Millin retropubic prostatectomy 
and transurethral diathermic resection. The 
different anaesthetic and operative techniques 
have been summarized in table XIII. The numbers 
of deaths are given in parentheses. The chief 
surgeon considered that there was an increased 
tisk of postoperative haemorrhage following 
suprapubic prostatectomy under general anaes- 
thesia. This accounts for the high proportion of 


Prostatectomies: type of operation performed and anaesthetic technique used. 


Deaths within parentheses. 


Presacral 


General Spinal 


analgesia anaesthesia* analgesiat Totals 
Suprapubic prostatectomy 165 (12) 79 (6) - 244 (18) 
Millin prostatectomy 22 (3) 1 23 (3) 
Transurethral resection ! 4 21 (1) 26 (1) 


166 (12) 


Totals 


105 (9) 22 (1) 293 (22) 


+ Most during 1959. 


* Used increasingly during the period 1955-59. 
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patients in whom presacral analgesia was used. In 
this series, severe postoperative haemorrhage 
following prostatectomy (excluding transurethral 
diathermic resection) occurred as shown in table 
XIV: 

TaBLeE XIV 


Haemorrhage following prostatectomy 
(deaths in parentheses). 


Instances 
of severe 
haemorrhage 


Total number 
of patients 
165 7 (2) 

5 (2) 


Method of 
anaesthesia 


Presacral 
General anaesthesia 101 
(all methods) 


General anaesthesia did not appear to increase 
the risk of severe postoperative haemorrhage. It 
certainly provided better operating comfort for 
the patient! None of the 23 patients operated on 
by the Millin technique suffered a severe post- 
operative haemorrhage. This technique thus not 
only appeared to be safer in this respect but also 
considerably shortened the period of hospitaliza- 
tion. The three deaths occurring following a 
Millin operation were from bronchopneumonia, 
cerebral haemorrhage, and cardiac failure follow- 
ing an epileptic fit. 

Halothane is now commonly used for prostatec- 
tomy and has proved satisfactory. The slight head- 
down tilt helps to reduce bleeding and the fall 
in blood pressure is easily controlled. Gusterson 
(1959) also reported favourably on this technique 
and demonstrated a considerably diminished loss 
of blood when using halothane as compared with 
nitrous oxide and oxygen with suxamethonium. 


Halothane. 

Pope (1957), in an account of the use of halo- 
thane in 25 selected patients with pulmonary and 
cardiac disease, gave the opinion that the results 
in these cases would not have been as good with 
any other inhalational agent. He had 2 patients 
in whom he could compare halothane with other 
anaesthetic techniques. 

Below the author gives some examples of the 
use of halothane in bad risk patients. These case 
histories include the only instance of cardiac arrest 
occurring in this series. 

Case 1006. Man aged 78 years. Millin prostatectomy 
was planned. He had an apical systolic murmur and 


greatly enlarged heart. Blood pressure 180/100 mm 
Hg. Electrocardiography revealed coronary insufficiency 
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and sclerosis, myocarditis and an atrioventricular 
block. He was being given diuretics and was also 
digitalized. He was anaesthetized with a small dose of 
thiopentone followed by nitrous oxide with oxygen 
and halothane. A single dose of suxamethonium was 
given at the beginning and end of the operation (this 
is a useful technique). The postoperative course was 
uneventful and he was discharged home after 3 weeks. 


Case 1167. Man aged 77 years, with a stenosing gastric 
ulcer. Gastroenterostomy was planned. He was 
cyanosed and fibrillating, Blood pressure 200/100 
mm Hg. He had emphysema with moist sounds in all 
lung fields. The anaesthetic technique used was local 
infiltration of the upper abdominal wall combined 
with nitrous oxide with oxygen and halothane. He was 
discharged home 9 days later after an uneventful post- 
operative course. 


Case 1051. A woman of 80 years was admitted with a 
compound fracture of the femur, Amputation was 
necessary as the blood supply to the distal portion 
was severed. She was wasted and had marked emphy- 
sema and a history of pneumonia only a few days 
previously. The leg was amputated under halothane 
anaesthesia and the only item noted postoperatively 
was the development of bedsores. 


Case 1053. A woman aged 73 years, had a toxic goitre 
causing extreme tracheal compression. Her basal 
metabolic rate was +46 per cent. Weight 51 kg. She 
was a diabetic. Blood pressure was 220/80 mm Hg. 
Electrocardiography revealed myocarditis. Her 
goitre was removed under halothane anaesthesia 
(suxamethonium having been used for intubation). 
A tracheostomy was performed as a part of the opera- 
tion and she was later transferred to an E.N.T. ward. 
She survived the operation but had a_ recurrent 
laryngeal nerve paralysis on one side. 


Case 1090. This woman was interesting in that she 
was the oldest patient undergoing two operations. She 
was aged 92 years and had sustained a fractured shaft 
of her femur. Apart trom anaemia, she was fit for her 
years, The first operation was for fixation of cerclage 
wires around the shaft of the femur but as this proved 
inadequate, a Kiintscher intramedullary nail was in- 
serted at a second operatiom Halothane was used on 
both occasions. 


Case 1097. Case of cardiac arrest. This occurred in 
a wasted woman aged 73 years. She had had diabetes 
for 20 years, and was arteriosclerotic. The electrocar- 
diogram revealed myocardial degeneration, fibrillation 
and a bundle branch block. The blood pressure was 
210/100 mm Hg. She was already in hospital for the 
treatment of gangrenous ulcers of her feet when she 
developed an ileus. 

Operation was carried out for division of intra- 
peritoneal adhesions. Premedication consisted of 
atropine only. Anaesthesia was induced with thiopen- 
tone (125 mg) and continued with nitrous oxide with 
oxygen, pethidine (30 mg) and 0.5 per cent halothane. 
After 20 minutes of surgery the heart stopped. A 
thoracotomy was performed and cardiac pumping 
carried out. The heart recommenced beating but then 
ventricular fibrillation supervened. In the absence of 
a defibrillator, procaine amide (Pronestyl) 200 mg 
was given, which was followed by the return of the 
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normal (irregular) beat of this patient. Systolic blood 
pressure at the end of operation was 110 mm Hg. 

She was discharged home a month later. Four 
months later at a follow-up she described herself as 
“rather well” and had no special trouble with her 
heart. 


The above-described cases are typical of 18 
patients who presented serious pre-operative car- 
diac and/or pulmonary complications and who 
were given halothane anaesthesia. 

The relatively recent purchase of a Fluotec 
vaporizer (in 1957) limited the experience with 
halothane in patients over 70 years. With the 
elderly, relaxation is possible with a much lower 
vapour concentration than in the younger patient. 
It has been found to be useful in patients with 
emphysema, as adequate respiration can be main- 
tained and relaxation is sufficient for lower 
abdominal surgery. 

It would seem preferable to use pethidine (if 
an analgesic drug is deemed necessary) in premedi- 
cating patients when halothane anaesthesia is 
planned. Up to 1.2 mg (1/50 grain) of atropine 
may be given. The use of a short-acting relaxant 
at the end of a halothane anaesthetic would seem 
justified to assist closure of the abdomen but it 
is necessary to lower the concentration of the drug 
when controlled respiration is performed. 

It is difficult to assess the status of halothane 
in geriatric practice, but it is a powerful drug 
and the ease with which it is possible to increase 
the concentration has a sinister similarity to the 
ease with which thiopentone can be given. That 
the reports to date (1959) have been favourable 
may partly depend on the fact that its initial use 
among anaesthetists has been confined to the more 
experienced administrators. 


Expectation of life. 

When considering geriatric surgery, one must 
take into consideration the increasing expectation 
of life today. According to Ziffren (1960) the 
expectation of life in the United States at the age 
of 85 is 5 years and at the age of 90 it is still 
3.4 years. 

Such figures should be considered together with, 
for example, the mortality result of 6.5 per cent 
for the 201 “fit” patients of 70 years old, remem- 
bering that this figure concerns major surgery. 
Thus, if a patient has a surgical condition that 
does not demand immediate surgery but may 
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cause future trouble, possibly of an acute nature, 
then it is best to get this patient into optimal 
condition and operate before he gets older and 
perhaps presents additional pre-operative compli- 
cations. Surgery should not, within reason, be 
denied patients on the grounds of age alone. The 
pre-operative condition (physiological age) is of 
more importance. 


Postoperative morbidity. 

Table XV readily shows how frequently post- 
operative morbidity leads to mortality in geriatric 
practice. Pneumonia often occurred in patients 
suffering from abdominal distension, in those kept 
in bed because of broken legs, and also in senile 
patients. 

A rise in non-protein nitrogen (generally over 
90-100 mg per cent when recorded) is a serious 
sign. In 12 of the 30 patients having a raised 
non-protein nitrogen at death, other factors super- 
vened and are recorded as having caused the 
death. 

A case of deltoid paralysis occurred following 
a mastectomy; this was considered to be due to 
overextension of the arm during the operation. 

It has already been stated that 12 cases of 
severe postoperative haemorrhage occurred follow- 
ing prostatectomy; 4 of these patients died. 


Postoperative thrombo-embolic complications. 

Prophylaxis can help considerably here. 
Although all the factors concerned with post- 
operative thrombosis are not understood, many 
can be cited. It is common in old people, especi- 
ally if they are fat and have varicose veins, also 
following gynaecological operations. Immobility 
after operation predisposes, as does stasis (which 
can follow a cushion placed under the knees, or 
hypoventilation resulting in inadequate venous 
return). Prolonged hypotension increases the 
risk of thrombosis, as does the increased blood 
viscosity of polycythaemia. These factors should 
be avoided not only during long operations but 
during the longer postoperative period. 

Prophylactic treatment can involve pre-opera- 
tive phlebotomy in cases of polycythaemia (Bar- 
bour, 1957). Pre-operative venesection of 250 ml 
blood was actually carried out in a female patient 
in the present series whose haemoglobin was 130 
per cent. 
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TABLE XV 
Postoperative morbidity. 


Disease 


in patients 


Recorded 
in patients 
dying* 


Recorded 


surviving Total 


Pneumonia 

Acute pulmonary oedema 
Pleural effusion 
Pulmonary atelectasis 
Peritonitis 

Severe rise in NPN 
Subphrenic abscess 
Cerebral haemorrhage 


Infarct 

Pulmonary embolism 

Cerebral thrombosis or embolism 
Thrombosis of leg 

Other thromboses or emboli 


Total for thrombo-embolic group 


Total for all groups 


25 


N=mawat | 


192 


* That these totals exceed the totals given in table VII in most instances 
is due to the fact that table VII is simplified, e.g. if uraemia and 
pulmonary embolus co-exist, the cause of death in table VII is recorded as 


due to the latter. 


Other prophylactic measures involve the 
avoidance of low blood pressure during the opera- 
tion. The cushion can be moved from behind 
the knees to under the heels, thereby relieving 
the pressure on the calves; this would be a good 
routine procedure during surgery on old people. 

The avoidance of oversedation postoperatively 
minimizes hypoventilation (which also lessens 
chest complications) and a speedy recovery from 
anaesthesia enables a stir-up regime to be soon 
carried out. Well tucked-in sheets should not be 
permitted. 


Emphysema. 

This subject has been thoroughly discussed in 
the Educational Number of the British Fournal of 
Anaesthesia for March 1958. The problem of 
anaesthetizing these cases is greatest when upper 
abdominal surgery is proposed in the presence of 
advanced emphysema. Many arguments support 
the desirability of retaining spontaneous respira- 
tion; acceptance of these would rule out the use 
of relaxants. Even the possession of a respirator 
with a negative phase does not solve the problem. 

Although halothane may provide sufficient 
abdominal relaxation for laparotomy in thin 
patients, a bilateral intercostal block provides 
good relaxation; it can be supplemented readily 


by a light general anaesthetic permitting spon- 
taneous respiration, such as nitrous oxide and 
oxygen with trichloroethylene or even 0.5 per 
cent halothane. It should be remembered that a 
splanchnic block (which the surgeon can perform 
directly) will cause as great a fall in blood pres- 
sure as a high spinal anaesthetic, which is one 
reason why a light general anaesthetic is prefer- 
able to a full local technique. 

It is strange that this technique has not been 
used in this series. The author has used it in 
patients not included in this series (younger 
patients) and more recently for different indica- 
tions and has been impressed by the results. It 
is also valuable for laparotomies in patients having 
severe renal and hepatic insufficiency, severe 
bronchitis and chronic lung disease, and the 
extreme poor risk patient with, for example, a 
bleeding peptic ulcer. 


General considerations 
technique. 

Just as an infant is not a miniature adult so 
an old person is a totally different individual from 
an adult in his prime. Such a healthy adult can 
(and often does) withstand innumerable physio- 
logical insults under “balanced anaesthesia”. Old 
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people are intolerant of sudden severe physio- 
logical alterations. 

Thus, whatever techniques are used, drugs 
must be given in dilute strength and minimal 
amounts, making only gradual changes. The res- 
piratory, cardiovascular and renal systems of old 
people are not as resilient as they were in youth. 
Lee (1959) has succinctly summed up the charac- 
teristics of old age: 


Dehydration, tissue wasting, cardiac enlargement 
and perhaps dilatation; arteriosclerosis of renal, 
cerebral and cardiac vessels; stiffening of the thoracic 
cage with ossification of cartilages, emphysema, 
narrowing of bronchioles, and dilatation of alveoli; 
atrophy of brain and increase in cerebrospinal fluid 
volume with dilatation of cerebral ventricles; atrophy 
of mandibles and increased brittleness of bones; atrophy 
of tissue cells and proliferation of connective tissue; 
diminution of blood-volume and haemoglobin and 
decreased cardiac reserve with slowing of circulation 
time; decreased thoracic and increased abdominal 
respiration; decreased tidal volume and vital capacity, 
with consequent tachypnoea. In the postoperative state 
there may be diminished activity of the cough reflex 
which may predispose to atelectasis. 


The above-mentioned characteristics of old age 
should be taken into consideration when deciding 
on technique. Without going into detailed tech- 
niques, the author makes the following suggestions 
regarding actual administration. 

Thiopentone. A 2.5 per cent solution is gener- 
ally accepted as preferable today. In the worst 
risks, this drug is probably better avoided, and 
induction performed with nitrous oxide and 
oxygen with an inhalational agent. When thio- 
pentone is used, the amount required can be 
diminished by the following two methods: 

(1) Oxygen inhalation for a few minutes before 
administering thiopentone makes the subsequent 
administration of nitrous oxide more effective 
and thus lessens the dose of thiopentone required 
(Dundee, 1956). 

(2) Simple infiltration along the intended line 
of incision (which the surgeon can mark out with 
methylene blue) using a local analgesic agent with 
adrenaline will avoid the stimulus of the incision. 
It will also reduce the initial haemorrhage from 
the skin edges and, more important, the time spent 
on arresting it. 

Ether and divinyl ether. These drugs should 
not be despised in geriatric practice; ether anaes- 
thesia was followed by the lowest mortality for 
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any single agent in this series but it was gener- 
ally used on the fitter patients for smaller 
procedures, especially appendicectomy. A simple 
nitrous oxide and oxygen with ether anaesthetic 
can be a good technique for the emaciated patient 
with pronounced arteriosclerosis in whom, per- 
haps, thiopentone is less desirable. Naturally ether 
should not be used in cases demanding full abdo- 
minal relaxation. Divinyl ether is probably the 
safest drug for a brief anaesthetic for minor sur- 
gery and has the advantage that anaesthesia can 
be readily prolonged for a few minutes if the 
surgeon requires a little extra operating time. 

Induced hypotension. This technique was not 
used in this series. The author feels from a 
limited experience that in geriatric practice it 
should be reserved for use in those cases where 
it is absolutely essential for the successful per- 
formance of the operation and then only if the 
patient is fit for his age. Halothane together with 
posture will usually provide sufficient hypotension 
with reasonable safety. 

Local analgesia combined with general anaes- 
thesia. This can be a planned technique. In its 
simplest form it consists of infiltration along the 
line of incision, as described above. A more exten- 
sive local analgesia can be carried out and general 
anaesthesia used for a crucial state of the opera- 
tion. For example, several of the old women 
with a fractured neck of femur were operated on 
under local analgesia and a light general anaes- 
thetic was given for hammering in the nail. 

Brachial plexus block. The fact that this was 
only used once in this series (but on that occasion 
was essential) would illustrate the value of main- 
taining skill by performing this procedure when- 
ever possible on patients who can so easily be 
given a straightforward general anaesthetic. 
Routine operating lists and the casualty department 
often provide suitable material but positive 
objection by the patient would contra-indicate the 
technique if a general anaesthetic can be given 
instead. 

A technique for spinal analgesia up to the tenth 
thoracic segment. This is adequate for genito- 
urinary surgery. Above this level more pronounced 
falls of blood pressure can be expected. 

The author has found the following technique 
easy and safe. Lumbar puncture is performed in 
the sitting position following preliminary local 
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infiltration using spinal anaesthetic agent. Then, 
with the patient still sitting 1 ml of hyperbaric 
amethocaine (Tetracaine) is slowly injected. The 
patient remains sitting for at least 1 minute. When 
he feels numbness in his feet, the anaesthetist 
can be sure that he has blocked the sacral 
plexus. 

Then a minimal quantity of 0.6 ml amethocaine 
is injected and the patient is rapidly placed on 
his back with a 5-degree head-down tilt. The 
original 1-ml dose cannot spread upwards and 
the second dose of 0.6 ml is so small that its spread 
upwards is generally limited to the tenth thoracic 
segment. This technique is not only suitable for 
prostatectomy but also for abdominoperineal 
resection of the rectum when combined with a 
light general anaesthetic. 

Epidural versus subarachnoid analgesia in pros- 
tatectomy. Epidural analgesia for prostatectomy 
has its advocates (Morris and Candy, 1957; 
Gardner, 1958). However, this technique does 
not seem to exclude the risk of permanent para- 
plegia (Forrester, 1959), and according to Hewer 
and Lee (1958) the injection of a small dose can 
sometimes cause an unexpectedly high block with 
severe hypotension. If a massive subarachnoid 
injection is given by mistake in an old person the 
results could be disastrous. Whether epidural or 
subarachnoid analgesia is chosen, some risk has 
to be taken. The mishaps that have occurred in 
the past during subarachnoid blocks have given 
anaesthetists knowledge that should make it a 
safer technique today. 


Duration of operations. 

The American series make a special note of 
this and many of their operations obviously take 
a long time. The retired chief surgeon in 
Sundsvall performed one-third of all operations 
in this series himself, and he rarely took more 
than 1 hour for any operation. A gastrectomy was 
usually complete in 45 minutes, and an abdomino- 
perineal resection (usually in one stage) was often 
complete in 45 minutes. The assistant surgeons 
and even registrars were also quick operators; this 
type of technique is almost “infectious” among 
colleagues working together. 

It is interesting to note that during the period 
1952 to 1955, when the rate of operating was at 
its quickest, the annual mortality figures were at 
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their lowest (table III). Later years have seen a 
definitely slower surgical technique but the rise 
in mortality in 1959 was dependent on many 
other factors than this. 

Rapid surgery, provided rough handling and 
unnecessary blood loss are avoided, would seem 
to be advantageous to the geriatric patient. The 
conception that modern anaesthetic methods 
permit hours of unhurried surgery may be true 
for younger patients but is less true as age 
increases. 


Different standards in different series. 

One point brought out by the study of other 
geriatric series was the different norms selected 
by the different authors. Corssen (1955), for 
example, gave 60 years as his minimum age, 
defined hypertension as a systolic blood pressure 
of 175 mm Hg and above when in combination 
with other systemic disorders (such as arterio- 
sclerosis), and anaemia when the haemoglobin 
was below 10 g per cent. 

Wyant, Dobkin and Kilduff (1956) accepted a 
lower age limit of 65 years and defined hyper- 
tension as a systolic blood pressure of 160 mm Hg 
and over (and also a diastolic pressure of 100 
mm Hg and above), and anaemia when the 
haemoglobin was below 12.5 g per cent. 

In the present series the lower age limit is 
70 years, minor surgery has been excluded, hyper- 
tension is defined as a systolic pressure of 180 
mm Hg and over, and anaemia when the haemo- 
globin is 70 per cent or less. 

Such varying standards make it impossible to 
compare series, and it would surely be bene- 
ficial if certain definition’ were suggested by some 
authoritative body to enable authors to compose 
their series within these limits and thus permit 
a better comparison between the results obtained 
in different series. This problem concerns all 
aspects of the specialty. 

Finally, many catch phrases and sentences have 
been written concerning this subject in order to 
emphasize the basic principles of geriatric anaes- 
thesia. In this motoring age, the advice given by 
Rink (1948) is not only sound, but easily remem- 
bered. He wrote: “When faced with a wet and 
slippery road on a dark night, a first-class driver 
does not alter his techniques in any essential way. 
He merely redoubles his normal safeguards and 
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precautions. He avoids rapid acceleration and 
braking, but he reaches his destination very 
nearly as quickly and safely as he does under 
good conditions”. 


SUMMARY 


The literature concerning geriatric anaesthesia 
and written in English since 1955 is briefly 
reviewed. A consecutive series of 1,300 major 
general surgical operations performed on 1,171 
patients (665 men and 506 women) aged 70 years 
or more, is described. 

The pre-operative complications are reviewed, 
especially with reference to mortality. It is seen 
that dehydration, shock and/or haemorrhage, 
cardiac decompensation, coronary sclerosis and 
previous coronary occlusion had the highest per- 
centage of deaths. 

Techniques are described. Muscle relaxant drugs 
were used in 44 per cent of cases. Suxamethonium 
is preferred for shorter operations. Open ether 
was given by anaesthetic sisters to 56 patients 
(mostly for acute appendicitis) with only 1 death 
(from gas gangrene). Prostatectomies totalled 293, 
and presacral (parasacral) and subarachnoid 
analgesia, and general anaesthesia were used for 
them; 22 prostatectomy cases died. 

Refrigeration analgesia was used 8 times for 
thigh amputation in extremely poor risk patients, 
4 of whom died. Experiences with halothane (59 
cases) are described, including details of case 
histories which included one case of cardiac 
arrest with survival. 

The overall mortality was 13.8 per cent (180 
deaths). This included 14 moribund patients who 
died shortly after operation. Absence of pre- 
operative complications reduced the mortality in 
201 patients to 6.5 per cent. 

Suggestions for technique are discussed, in- 
cluding a technique for spinal analgesia up to the 
tenth thoracic segment. 
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EXTERNAL CARDIAC MASSAGE IN YOUNG CHILDREN 


BY 


W. Bryce McKELVIE 
Booth Hall and Monsall Hospital, Manchester, and Hope Hospital, Salford, 
Lancashire, England 
AND 
Peter McKELVIE 
Albert Dock Hospital, London, E.16 


It is suggested that it is possible, in young children, 
to cause the heart, arrested during anaesthesia, to 
beat by compression of the thorax over the heart. 
Several cases of recovery from cardiac arrest have 
been reported as a result of striking the left side 
of the chest with the clenched fist (Brandenburg, 
1959). 

Certain features of the thoracic cage are of 
interest in this connection in children (Quaine, 
1908). 

The thorax is elastic and compressible. The 
sternum, lying high in the chest wall remains 
flexible throughout childhood, becoming rigid 
after puberty. The rib cage, bony at birth, becomes 
rigid with the development of the musculature 
playing on it between the ages of 6 and 10. 
Preparations of costal cartilage are found to be 
soft and flexible only before 10 to 12 years of 
age. The child’s heart occupies a larger proportion 
of the thoracic cavity than does that of the adult; 
thus manipulation of the child’s chest results in a 
higher degree of cardiac compression. The child’s 
chest, too, is deeper than is the adult’s. Its narrow- 
ness and small size make it easy to grip with the 
hands. 


METHOD 


The operator stands on the right side of the 
patient; the flat of both hands is placed low down 
on the left side of the thorax, to cover some of the 
area over the sternum and floating ribs; very firm 
pressure followed by relaxation is applied at about 
the normal pulse rate. Adequate pressure may be 
applied with the patient supine on the Sorbo- 
covered operating table. In the case of a very small 
child, it is advantageous to place one hand behind 
the left side of the chest and the other in front to 


effect compression. The procedure may be carried 
out by the anaesthetist during the short time in 
which the surgeon is preparing to open the chest 
for direct cardiac massage. 

It is suggested that should a heartbeat not be felt 
after 20 to 30 “strokes”, internal direct cardiac 
massage should be carried out at once. 

It is, fortunately, unusual for one person to have 
to deal with a number of cardiac arrests. The 
following three cases were dealt with personally. 


CASE REPORTS 


Case |. A boy of 4} was being anaesthetized for 
operation to arrest bleeding from a tonsil site. Pre- 
medication was with atropine 0.6 mg; the anaesthetic 
agents were ethyl chloride and ether. He collapsed in 
cardiac arrest during intubation. The heartbeat was 
restored in about half a minute by external cardiac 
massage. There was some delay in recovery of con- 
sciousness, He showed some visual loss (without retinal 
changes), athetosis and ataxia, in the immediate post- 
operative period. A year later, no gross defect is 
evident, though his gait apd finger control remain 
slightly imperfect. He can, however, print his name. 
He remains under observation. 


Case 2. A girl of 34 was anaesthetized for the tonsil 
and adenoid operation, Premedication was with 
quinalbarbitone and atropine 0.6 mg; the anaesthetic 
agents were nitrous oxide and ether. She suffered 
cardiac arrest 5 minutes after induction. External car- 
diac massage was applied and elicited a heartbeat in 
less than half a minute. The heartbeat was rapid and 
irregular for about half an hour thereafter. A 
efibrillator was not readily available, No after effects 
were evident. She was discharged from hospital. 


Case 3. A girl of 5 was anaesthetized and intubated 
prior to tonsillectomy, Premedication was with quinal- 
barbitone and atropine 0.6 mg; the anaesthetic agents 
were nitrous oxide and ether. During operation, 
cessation of bleeding and absence of heartbeat was 
noted. External cardiac massage did not result in 
renewed beating of the heart, but transabdominal 
(open) massage elicited a heartbeat after 7 minutes. 
(The abdominal route was chosen in view of the small 
interspaces in children.) After a period of uncon- 
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schousness, there was a time during which her hands 


were in the “tip position”. Six weeks later, her gait 
is slightly inco-ordinated, she writes well, her 
intelligence is unimpaired and her vision appears to 


be satisfactory. Pallor of one disc was noted by an 
ophthalmologist. Her wound healed by first intention 

it was noted that intracardiac injection of methylam 
phetamine prior to external cardiac massage elicited no 
response. Moreover, the long period of open massage 
required raises the possibility that external massage 
might have proved equally rewarding if continued 
An electrocardiogram taken immediately the heart 
restarted showed no abnormality. She remained under 
observation and no after effects have been observed. 

Since this paper was first submitted for publi- 
cation external cardiac massage has become an 
established procedure and has elicited much dis- 
cussion and debate (Lancet, 1960; British Medical 
Journal, 1960). 

Further work on dogs and subsequently on 
human subjects at the Johns Hopkins Hospital 
(Kowenhoven et al., 1960) has given experimental 
as well as practical support to the method. The 
efficacy of direct pressure on the chest wall in 
cases of cardiac arrest has too been borne out in a 
number of recent cases (Molloy, 1961; Rainer, 
1960), and it was noted early that it was particu- 
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larly successful in children (Rainer and Bullough, 
1957). 


SUMMARY 


Three patients were successfully resuscitated after 
cardiac arrest. In two external cardiac massage was 
successful. This method is particularly useful in 
young children. 
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